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SUMMARY

This, report covers the results of field tests of the Wild T-2 Theodo-
lite performed to determine the field accuracy limits of this instrument,
thereby establishing the design goal for an All-Weather Angle-Measuring
Instrument under consideration. Analyses of data indicate that this partic-
ular test instrument is capable of measuring an angle 90 percent of the time
to an accuracy of + 2.15 when 16 D&R readings are observed during daylight
hours; the accuracy of angular measurement is L 2".0 during nighttime, 90
percent of the time; and the accuracy limits are reduced from L 21'5 to
+t 2".0 and from L 21'.0 to t 1"5 if data are gathered when the atmosphere is
"quiet." The report concludes that angular accuracy is not improved by
employing "horizon closure" techniques, and that proper selection of the
survey sites is one of the more important factors to consider when the
mission requires high accuracy.

I

ii

t.. . m , m .. . . .



FOREWORD
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14 November 1965.

The work accomplished on this project was carried out by Peter J.
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Jr., Chief, Geodetic and Astronomic Branch, and at the directlcn of
Charles R. Manor, Chief, Surveying and Geodesy Division.

Appreciation is given to SP/5 R. A. Janes; SP/4 C. A. Ronnquist;
PFCs J. E. Wincder; D. 0. Hardy; R. T. Stone, Jr.; and Pvt. C. D.
Hinnant who, under the command of Capt. W. A. Hansen, Commanding
Officer, 537th Engineer Company (Survey Base), 30th Engineer Battalion
(Base Topo), collected the field data analyzed within this report.

Contributions of J. B. Duff, H. H. Smith, C. A. Martin, H. E.
Mohr, and Frank L. Robertson, Chief of the Computation and Anaiysis
Division, Technical Service Department, U. S. Army Engineer Research
and Development Laboratories, Fort Belvoir, Virginia, are appreciated
for their assistance in programming the field data for solution on their
RCA-301 Computer and their assistance in the statistical evaluation of the
data.

Appreciation is also given to R. Taylor Hoskins, Superintendent,
Shenandoah National Park, National Park Service, Department of the
Interior, for his cooperation in permitting the test team to utilize sites
located on the Skyline Drive.
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PRACTICAL FIELD ACCURACY LIMITS

FOR A WILD T-2 THEODOLITE

I. INTRODUCTION

1. Subject. This report covers tests conducted to establish definite
design goals for the development of an All-Weather Angle-Measuring Instru-
ment by determining the accuracy characteristics of an accepted high-order
optical theodolite (the Wild T-2). The parameters of the theodolite's field
survey data that were examined included the following:

a. 7he practicable accuracy limits of horizontal angle
determinations.

b. The effect of daytime and nighttime operations upon survey
accuracy.

c. The effect of "Horizon Closure" upon survey accuracy.

d. The effect upon accuracy of reducing the number of direct
and reverse (D&R) readings that would constitute a set of data.

e. The effect upon accuracy of the atmospheric "seeing"
conditions.

2. Background. In June 1964, a contract was awarded to the Cubic
Corporation for the design, fabrication, test, and delivery of a microwave
pointing system. This system is being investigated to determine the best
and most practicable approach to the development of an all-weather anglc'.
measuring instrument. The microwave system that was developed was
tested in the vicinity of San Diego, California, from 15 February through
2 April 1965; was tested at Boulder, Colorado, from 18 through 30 July
1965; and has been tested intermittently at Fort Belvoir, Virginia, from
1 September 1965, to the present time. In order to evaluate the microwave
approach to the all-weather angle-measuring problem, one must know the
field accuracy of angle determinations obtained with an accepted high-order
optical instrument, as high.-order accuracy is the goal for the microwave
system. Although great amounts of data are available on the controlled
test features of optical theodolit.es, stuffie.nt dafa ce%1M be4. t--....**--

U% Anl. L, k V .I U LU

determine the practical limits of field accuracy for this type instrument.
It was determined, therefore, to be worthwhile to measure the field



parameters of the Wild T-2 Theodolite, as it was felt that this instrument
is representative of several well-made instruments which receive extensive
military use in the field today.

3. Definitions. To insure that certain terms are not misunderstood
the following definitions are given:

a. Reading: An entry into the field book as determined by
one sighting on one target.

b. Direction: The mean of a direct and a reverse reading to
a target.

c. Standard Deviation (SD): The positive value of the square
root of the sum of squares of the deviations from the mean divided by one
less than the number of observations. SD = Vfv 2 /n-1.

d. Angle: An angle determined by the difference in two
directions.

e. Mean Angle: The angle determined by the mean of 4, 8,
12, or 16 angles.

II. INVESTIGATIONS

4. Test Site. These tests were performed in the vicinity of
Sperryville, Virginia (Fig. 1), from 11 October through 14 November 1965.
The field party was composed of personnel of the 537th Engineer Company
(Survey Base), 30th Engineer Battalion (Base Topo). The instrument oper-
ator was experienced in the proper use and operation of the instrument.
Three of the four test sites, that is, RED OAK KNOB, THORO, and
OVERLOOK, are first-order stations established by the U. S. Coast and
Geodetic Survey (Appendix A). The fourth station, JEREMY, was estab-
lished by the field party and monumented for future recovery. All stations
are intervisible and did not require the use of towers or other raised
platforms. (Figure 2 shows profiles of test paths.)

5. Equipment Employed in the Field. The major equipment used
during the field portion of this test consisted of the following-
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Observation Station (1)

1 ea Theodolite, Wild T-2, Serial No. 27382
1 ea Fixed-Leg Tripod
2 ea AN/PRC-10 Radios

Target Stations (3)

1 ea Signal Light, 5-In. (Nighttime Work)
1 ea Collapsible Tripod, Wild II-b
1 ea Heliotrope (Daytime V ork)
2 ea AN/PRC-10 Radios

6. Field Test Procedure. The field test team adhered to the
following procedure in obtaining the raw data that are analyzed within this
report.

a. The theodolite was set up over station RED OAK KNOB,
and the targets were set up over Stations THORO, JEREMY, and

OVERLOOK. The theodolite and targets were tripod mounted and plumbed
over their points. Tie Instrument was leveled.

b. The initial direct reading was taken to Station THORO,
followed by direct readings to Stations JEREMY, OVERLOOK, and again at
THORO.

C. The instrument was reversed, and reverse readings were
taken in the opposite sequence of b.

d. The theodolite's glass circle was displaced by approxi-
mately 11 degrees, and b and c were repeated in sequence.

e. This procedure (b, c, and d) was continued until a total
of 16 D&R readings had been observed and recorded.

f. The mean angle was determined, and any angle that

differed from the mean by more than ± 5".0 was rejected and reobserved.

g. The theodolite was removed from the tripod.

This complete sequence was repeated until a total of 50 sets of 16 D&R
readings had been observed during daylight hours, and 50 sets had been
observed during nighttime hours. All angular data were recorded in

5



Horizontal Direction or Angle Book, DA Form 5-69. Weather conditions
(calm, breezy, gusty, cool, hot, and the like) and apparont atmospheric
seeing conditions (clear, cloudy, hazy, and heat waves) were also recorded.
A list of atmospheric seeing conditions (daytime and nighttime observations)
is given in Appendix B to this report. The instrument operator was in-
structed to turn angles whenever the target image remained in the field-of-
view of the theodolite, that is, to make a judgment on the center position of
the shimmering, blurred image provided it did not "dance' out of the field-
of-view.

This field observation procedure has an inherent disadvantage
when one attempts to compare angular accuracy with and without horizon
closure because angles normally turned without horizon closure would
follow a different station observation sequence. This difference, however,
is considered to be so small as to be insignificant. For this reason, it is
felt that the procedure followed was adequate. It should be noted that the
field observer used the same position on the micrometer of the theodolite
during each directional measurement. Therefore, some error may have
been introduced as a result of the micrometer run. This value again, how-
ever, was considered negligible because of the inherent quality recognized
in this model Wild instrument. The same individual was employed through-
out these tests as the theodolite operator because it was believed that as a
result of the great amount of data being collected, any personal error or
bias would be found in the data analyses, and could, if found, be separated
from the other data prior to final analysis. A different logic was applied
to the selection of the observation instrument, that is, the random selection
of the instrument is assumed to account for typical internal instrumental
errors, and the procedure of use is assumed to account for the external
instrumental errors.

7. Daytime Tests.

a. Objective. This test was performed to permit evaluation
of data gathered during daylight hours under various atmospheric seeing
conditions.

b. Method. The raw data that were obtained during daylight
hours were extracted from the DA Forms 5-69 and were entered into an
RCA-301 electronic computer. The computer then performed the following
actions:
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(1) The angles, THORO-RED OAK KNOB-JEREMY and
THORO-RED OAK KNOB-OVERLOOK, were computed with and with-
out horizon closure for each setting of the theodolite's glass circle.

(2) The mean angle and standard deviation (SD) for both

angles were computed with and without horizon closure for each set.

(3) The deviations from the mean angle for each angle
were computed. These results were examined to determine whether
any of the deviations were greater than t 5.'0. When such deviations
were found, this angle was rejected and the mean angle was substi-
tuted. These data were then reentered into the computer and steps 1,
2, and 3, were recomputed.

The final computer tab runs (Appendix C) were then ex-
amined, and the following actions were performed:

(1) The mean angles as determined using 16, 12, 8,
and 4 D&R readings were computed, and graphs were prepared. The
procedure used for determining the mean using 12, 8, and 4 D&R
readings was as follows:

12 D&R Readings: Positions 1, 2, 4, 5, 6, 8, 9,
10, 12, 13, 14, and 16

8 D&R Readings: Positions 1, 3, 5, 7, 9, 11, 13,
and 15

4 D&R Readings: Positions 1, 5, 9, and 13

(2) An examination was made for data normality.

(3) The data were examined to determine whether any
correlation with weather or atmospheric seeing conditions could be
found.

c. Results. The results of the computed mean angles* using
16, 12, 8, and 4 positions are presented in Tables I through IV. These

* The angle for THORO-RED OAK KNOB-JEREMY is approximately 450 53?

48", and the angle for THORO-RED OAK KNOB-OVERLOOK is approxi-
mately 720 29' 35". For the purpose of ease of writing, and because the
mean angle never deviated by more than 510 throughout this report, the
degrees and minutes figures have been omitted.



data were plotted in the form of frequency histograms and are presented in
Figs. 3 through 6. These histograms were examined for normality and
yielded the conclusion that although the data for the THORO-RED OAK
KNOB-JEREMY angle was normal, the data for the THORO-RED OAK
KNOB-OVERLOOK angle appeared to be bimodal. The data obtained from
the OVERLOOK-RED OAK KNOB-JEREMY angle was examined for atmos-
pheric dependence by plotting the data obtained when the target was "poor"
because of atmospheric heat waves, and by plotting the data obtained when
the target lights appeared to be steady or quiet. These results are pre-
sented in Fig. 7.

8. Nighttime Tests.

a. Objective. This test was performed to permit evaluation
of data gathered during nighttime hours under various atmospheric seeing
conditions.

b. Method. The same method of data analysis that was used
in conjunction with the daytime tests was employed for this test with the
exception that the data extracted from DA Forms 5-69 were obtained during
nighttime hours.

c. Results. The results of the computed mean angles using
16, 12, 8, and 4 positions are presented in Tables V through VMI. These
data were also plotted as frequency histograms and are presented in Figs.
8 through 11. The check for data normality indicated that the data from
the THORO-RED OAK KNOB-JEREMY angle was normally distributed, but
that the THORO-RED OAK KNOB-OVERLOOK data appeared to be rectang-
ularly distributed. No test could be performed relative to atmospheric see-
ing condition correlation because the observer could not "see" the apparent
condition through the telescope.

8



Table I. Mean and Standard Deviations
of 16 Positions - Daytime

Survey Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

Mean SD Mean SD Mean SD Mean SD

1 49.5 2.7 33.8 2.8 49.9 2.3 34.3 2.5
2 49.9 2 7 33.7 2.2 49.8 2.6 33.5 2.0
3 48.6 2.7 32.9 2.4 48.0 2.5 32.3 2.2
4 48.1 2.0 36.9 2.3 47.7 2.1 37.1 2.9
5 48.8 2.2 32.5 2.5 48.6 2.2 32.7 2.2
6 51.9 1.8 36.4 2.7 51.4 2.1 35.9 3.0
7 46.8 2.5 34.8 2.4 46.5 2.3 34.5 2.3
8 52.1 2.3 37.7 2.5 51.2 2.5 36.4 2.4
9 50.7 2.3 35.8 2.0 49.8 2.4 35.0 2.0

10 49.9 2.8 35.3 2.0 49.2 2.7 34.5 1.9
11 48.8 2.5 33.8 2.5 48.1 2.5 33.1 2.5
12 49.2 2.6 33.8 2.4 48.4 2.5 33.0 2.4
13 50.3 1.9 36.1 3.0 49.5 2.0 34.3 3.0
14 48.8 2.1 35.1 2.6 48.4 2.2 34.7 2.4
15 49.8 1.6 35.6 1.8 49.3 1.6 35.1 1.7
16 49.6 2.1 33.8 2.6 49.1 2.1 33.4 2.4
17 48.6 2.3 33.5 1.7 48.2 2.3 33.2 1.7
18 48.4 2.3 33,6 3.1 48.0 2.3 32.6 3.0
19 47.9 2.2 33.2 2.0 47.7 2.1 22.9 1.9
20 49.0 2.8 33.4 2.4 48.8 2.9 33.3 2.4
21 49.0 1.5 33.1 1.9 48.2 2.2 32.7 1.8
22 47.6 1.3 32.3 1.7 47.2 1,4 31.8 1.8
23 48.8 2.6 33.4 2.3 48.3 2.6 32.9 2.2
24 49.4 2.0 34.0 2.6 48.9 1.9 33.5 2.5
25 49.1 2.4 31.1 2.5 48.4 2.7 30.7 2.4
26 50.1 2.2 32.2 2.8 49.8 2.1 31.8 2.8
27 49.7 2.7 32.8 2.4 49.3 2.7 32.4 2 4
28 50.0 2.5 35.3 2.0 49.7 2.6 35.0 2.1
29 50.9 2.1 36.2 2.0 50.6 2.4 35.9 2.1
30 50.5 1.9 36.6 2.4 50.1 1,7 36.2 2.4
31 49.5 2.3 35.7 2.5 49.2 2.3 35.4 2.7
32 49.9 1.7 33.4 2.8 49.4 1.8 32.9 2.9
33 50.2 2.0 35.2 2.2 49.8 2.1 34.8 2.3
34 48.7 2.4 33.5 2.2 48.4 2.4 33.2 2.2
35 49.3 2.3 35.2 1.9 48.9 2.2 34.8 1.9
36 49.5 1.8 34.6 1.7 49,3 18 34.4 17

9



Table I (cont'd)

Survey Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

Mean SD Mean SD Mean SD Mean SD

37 49.3 1.9 34.2 3.1 48.9 2.0 33.8 3.1
38 49.5 1.9 33.8 1.9 49.3 1.9 33.6 1.9
39 50.3 2.3 35.0 2.3 50.1 2.3 34.7 2.3
40 50.6 1.9 34.3 2.0 49.9 2.3 33.9 1.9
41 49.3 3.1 35.1 2.2 49.4 2.7 34.9 2.3
42 49.5 2.1 33.8 2.3 49.3 2.0 33.9 2.7
43 50.0 1.7 33.;"' 1.7 49.9 1.7 33.5 1.9
44 50.0 2.2 34.7 2.3 49.5 2.5 34.5 2.3
45 49.0 1.8 35.8 2.3 48.8 1.7 35.5 2.4
46 49.9 2.2 37.5 1.5 49.7 2.3 37.3 1.5
47 48.3 1.9 35.7 2.1 48.2 2.0 35.5 2.1
48 47.8 2.2 33.8 1.8 47.6 2.1 33.6 1.8
49 48.3 2.3 35.1 2.4 48.1 2.3 34.8 2.6
50 49.3 2.7 34.0 1.4 49.1 2.7 34.2 1.9

Note: A rejection limit of ± 51'0 was used, and THORO (USAERDL) was
employed as the initial station with ET27 WCE USGS (RED OAK
KNOB) as the instrument station.

10



Table If. Man and Standard Deviations
of 12 Positions - Daytime

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

D01 48.6 2.4 33.4 2.4 49.2 2.0 34.1 2.1
D02 49.8 2.7 33.4 2.1 49.7 2.5 33.3 2.0
D03 48.8 2.7 33.1 2.5 48.1 2.4 32.4 2.2
D04 48.5 2.1 37.1 2.1 48.0 2.0 37.6 2.9
D05 48.1 1.9 32.8 2.5 47.8 1.9 32.9 2.1
D06 51.8 1.9 35.9 2.7 51.2 2.1 35.3 3.0
D07 46.7 2.5 35.1 2.6 46.5 2.3 34.9 2.5
D08 52,2 2.3 37.3 2.0 51.3 2.3 36.4 2.0
D09 51.0 2.4 35.8 2.2 50.2 2.4 35.0 2.2
D10 50.5 2.4 35.3 2.2 49.7 2.3 34.5 2.1
Dl 48.5 2.7 33.4 2.5 47.7 2.7 32.6 2.4
D12 49.3 2.8 34.1 2.3 48.6 2.8 33.4 2.2
D13 50.4 2.1 34.9 3.1 49.6 2.2 34.2 3.3
D14 48.6 2.1. 35.3 2.5 48.1 2.2 34.8 2.4
D15 49.9 1.5 35.3 1.6 49.4 1.5 34.8 1.5
D16 49.2 2.0 33.3 2.6 48.8 2.0 33.0 2.4
D17 48.3 2.4 33.3 1.3 47.9 2.4 32.9 1.3
D18 48.5 2.5 33.8 3.3 48.2 2.5 33.5 3.3
D19 47.7 2.1 33.0 2.1 47.4 2.0 32.8 2.0
D20 49.1 2.6 33.8 2.2 49.0 2.7 33,6 2.2
D21 49.1 1.7 33.5 2.0 48.7 2.0 33.1 1.8
D22 47.5 1.4 32.0 1.7 46.9 1.5 31.5 1.9
D23 48.5 2.8 33.5 2.1 48.1 2.8 33.0 2.1
D24 49.3 1.8 33.8 2.7 48.8 1.5 33.3 2.6
D25 49.1 2.4 31.0 2.8 48.2 2.9 30.6 2.7
D26 50.1 2.4 32.3 3.1 49.7 2.4 32.0 3.1
D27 49.7 2.4 32.6 2.6 49.4 2.4 32.3 2.6
D28 50.1 2.3 35.1 2.2 49.8 2.5 34.8 2.3
D29 51.2 1.9 36.0 2.3 51.0 2.1 35.8 2.3
D30 50.2 1.9 36.6 2.3 49.8 1.7 36.2 2.4
D31 49.1 2.4 35.5 2.4 48.8 2.3 35.2 2.6
D32 49.9 1.6 33.5 2.7 49.5 1.7 33.2 2.8
D33 50.3 1.9 34.8 2.4 50.0 2.0 34.5 2.6
D34 48.5 2.3 33.2 2.5 48.3 2.2 32.9 2.5
D35 49.0 2.5 35.3 2.0 48.6 2.4 34.9 2.0
D36 49.4 1.7 34.5 1.7 49.3 1-7 34.3 1.7

D37 49.1 2.2 34.2 3.1 48.7 2.2 33.8 3.2
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Table II (cont'd)

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

D38 49.7 2.1 33.4 1.9 49.5 2,.0 33.3 1.9
D39 50.1 2.5 34.5 2.5 49.8 2.5 34.2 2.3
D40 50.7 2.0 34.1 2.0 50.0 2.4 33.8 2.0
D41 49.5 2.8 35.5 1.9 49.9 2.0 34.6 1.0
D42 49.9 2.0 33.4 2.1 49.6 1.9 33.6 2.7
D43 49.9 1.8 33.5 1.9 49.8 1.8 33.4 2.2
D44 50.3 2.2 34.9 2.1 49.7 2.7 34.7 2.1
D45 49.2 1.1 36.0 2.5 49.0 1.3 35.8 2.6
D46 49.8 2.5 37.7 1.5 49.7 2.5 37.6 1.4
D47 48.7 2.0 35.7 2.2 48.6 2.1 35.6 2.1
D48 47.8 2.5 33.3 1.6 47.6 2.4 33.1 1.5
D49 47.9 1.9 34.3 2.2 47.6 1.8 33.9 2.3
D50 49.4 3.0 33.6 1.2 49.3 2.9 34.0 2.0
Mean 49.4 34.3 49.0 34.0

12



Table HI. Mean and Standard Devia,:ions
of 8 Positions - Daytime

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

DOI 50.9 2.2 34.7 3.0 51.0 1.8 34.9 2.9
D02 51.0 2.4 34.8 2.2 50.7 2.5 34.5 1.9
D03 48.3 3.2 33.0 2.5 47.4 2.7 32.2 2.1
D04 47.6 1.9 37.6 2.3 46.9 2.0 37.7 2.9
D05 49.9 1.9 33.1 2.3 49.5 2.4 32.6 2.1
D06 51.2 1.4 37.0 1.9 50.9 1.7 36.6 2.2
D07 47.0 2.7 34.8 1.4 46.8 2.3 34.6 1.7
DOS 52, 6 2.4 39.0 2.6 51.7 2.8 37.5 2.6
D09 50.3 2.1 36.2 1.6 49.5 2.2 35.3 1.6
D10 49.6 3.0 36.3 2.0 49.0 2.9 35.6 1.8
Dll 48.6 1.9 34.8 2.0 47.8 2.0 34.1 2.0
D12 49.7 3.0 33.5 2.6 48.9 2.6 32.7 3.0
D13 49.9 1.2 35.3 3.1 49.1 1.4 34.4 3.1
D14 48.9 1.8 35.1 2.6 48.6 2.0 34.8 2.5
D15 49.5 1.5 36.7 1.8 49.0 1.5 36.1 1.7
D16 49.4 2.3 35.0 1.6 48.8 2.3 34.5 1.6
D17 48.9 1.9 34.1 1.9 48.3 1.8 33.5 1.8
D18 48.2 2.0 34.0 3.3 47.7 2.0 34.2 2.8
D19 48.1 2.0 33.5 2.1 47.8 1.9 33.2 1.9
D20 48.9 3.2 33.5 2.7 48.6 3.4 33.2 2.7
D21 48.4 1.7 33.0 1.9 47.1 2.4 32.4 1.7
D22 46.9 1.5 32.7 1.4 46,7 1.6 32.5 1.5
D23 47.9 2.2 33.1 2.5 47.7 2.2 32.8 2.4
D24 48.9 2.2 35.1 2.4 48.4 2.3 34.6 2.4
D25 49.7 2.1 32.1 2.1 49.4 2.1 31.7 2.2
D26 50.5 1.8 33.1 3.1 50.1 1.7 32.6 3.1
D27 49.4 2.6 33.3 2.5 49.1 2.7 32.9 2.5
D28 49.9 2.8 35.3 2.5 49.8 2.9 35.2 2.4
D29 50.0 1.9 37.2 1.7 49.8 2.2 36.9 2.0
D30 50.9 1.6 36.8 2.3 50.5 1.6 36.4 2.4
D31 48.9 2.4 35.9 3.1 48.7 2.4 35.6 3.2
D32 50.0 1.7 34. 2.6 49.4 1.7 33.5 2.8
D33 50.0 1.8 36.2 1.5 49.6 2.0 35.8 1.7
D34 49.3 2.9 34.3 2.0 48.8 3.0 33.8 2.0
D35 49.0 1.9 35.2 1.4 48.8 1.7 34.9 1.5
D36 49.4 2.2 35.3 1.7 49.1 2.2 35.0 1:8
D37 48.8 1.3 34.6 2.7 48.4 1.5 34.3 2.5
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Table I (cont'd)

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

D38 49.4 1.8 34.2 2.2 49.0 1.7 33.8 2.2
D39 50.1 2.5 35.6 2.1 49.9 2.5 35.4 2.1
D40 50.4 2.2 34.8 1.7 50.0 1.7 34.5 1.6
D41 48.8 3.2 35.4 2.9 48.5 3.0 34.0 1.9
D42 49.1 2.3 34.2 2.0 49.1 2.3 35.0 2.5
D43 50.1 1.4 34.5 1.1 50.3 1.5 34.7 1.5
D44 50.3 2.2 34.9 3.0 49.4 3.0 34. 7 3.0
D45 48.9 2.4 36.3 3.0 48.7 2.3 36.1 3.1
D46 49.8 1.8 37.4 1.7 49.4 2.0 37.1 1.6
D47 48.0 1.8 36.7 2.4 47.9 1,9 36.6 2.4
D48 47.1 1.3 34.1 2.1 47.0 1.3 34.0 2.1
D49 48,8 2.7 36.4 1.7 48.7 2.6 36.3 1.9
D50 49.3 1.9 34.3 1.4 49.0 1.8 34.7 2.4
Mean 49.3 35.0 48.9 34.6
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Table IV. Mean and Standard Deviations
of 4 Positions - Daytime

Withz-Ec Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

D01 49.8 1.9 34.3 2.3 50.1 1.8 34.6 2.7
D02 51.6 1.8 35.0 1.8 51.2 1.7 34.5 2.0
D03 48.4 3.8 33.5 3.1 47.3 3.0 32.4 2.5
D04 48.0 2.4 38.9 2.0 47.2 2.2 39.5 2.7
D05 48.9 2.1 34.3 1.6 47.9 2.5 33.3 2.0
D06 50.1 .9 36.3 1.9 49.5 1.0 35.7 2.3
D07 47.0 2.9 35.9 .5 46.9 1.9 35.8 1.4
D08 53.5 2.3 39.3 1.3 52.7 2.3 38.4 1.5
D09 51.0 2.1 36.5 1.9 50.2 2.4 35.7 2.1
D1O 51.0 1.9 37.4 2.2 50.2 1.7 36.5 1.9
Dl 47.4 1.3 34.4 1.7 46.5 1.4 33.5 1.6
D12 50.6 3.5 34.3 3.0 50.0 3.1 33.6 3.3
D13 49.6 1.3 35.0 3.8 48.7 1.5 34.1 4.0
D14 48.3 1.5 35.5 2.3 48.0 1.7 35.2 2.4
D15 49.6 1.8 36.8 1.7 48.9 1.7 36.0 1.7
D16 48.0 1.5 34.6 1.1 47.5 1.5 34.1 1.1

D17 48.0 1.6 34.0 1.2 47.5 1.4 33.5 1.2
D18 48.3 2.5 34.9 3.9 47.8 2.6 34.5 4.0
D19 47.4 1.3 33.3 2.4 47.2 1.3 33.1 2.1
D20 49.3 3.1 34.6 2.3 48.9 3.5 34.3 2.8
D21 48.1 2.6 34.0 1.9 47.4 2.9 33.3 1.6
D22 45.9 1.1 32.5 1.5 45.5 1.1 32.1 1.7
D23 46.4 1.0 33.0 2.5 46.2 1.6 32.8 2.6
D24 48.3 1.4 35.8 2.5 47.8 1.2 35.3 2.5
D25 50.0 2.1 32.6 2.6 49.8 2.2 32.5 2.6
D26 50.9 2.4 34.5 3.7 50.3 2.3 33.9 3.9

D27 49.1 1.1 33.4 3.4 49.0 1.3 33.3 3.2
D28 50.1 2.8 34.9 3.4 50.0 2.8 34.8 3.2
D29 49.9 .9 37.9 1.9 49.9 .9 37.9 1.9
D30 50.1 1.7 36.8 1.9 49.8 1.7 36.4 2.2
D31 47.1 .9 35.5 3.3 46.8 .6 35.1 3.5
D32 50.0 1.5 35.0 1.3 49.8 1.3 34.8 1.4
D33 50.1 1.6 36.0 1.9 49.8 2.1 35.9 2.3
D34 49.4 3.1 34.0 3.0 48.9 3.3 33.5 3.0
D35 47.8 1.3 35.5 .9 47.6 1.0 35.4 1.1
D36 49.1 2.5 35.6 1.8 48.9 2.4 35.4 2.1
D37 47.8 .6 35.3 2.3 47.3 .3 34.8 2.3

1
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Table IV (cont'd)

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

D38 49.9 2.2 33.4 2.6 49.6 1.9 33.1 2.7
D39 49.1 3.1 34.6 2.8 49.0 3.0 34.5 2.6
D40 50.4 1.8 34.8 1.8 50.1 1.5 34.6 1.9
D41 48.9 2.6 36.9 2.3 48.9 2.3 34.5 .6
D42 49.9 2.6 33.3 1.1 49.9 2.4 34.8 2.9
D43 50.0 1.5 34.9 1.4 50.4 1.5 35.3 1.9
D44 51.5 2.1 35.5 3.3 50.1 4.1 35.5 3.2
D45 49.4 1,7 37.6 3.5 49.3 1.8 37.5 3.8
D46 49.6 2.2 37.9 1.7 49.3 2.4 37.6 1.3
D47 48.8 2.2 37.8 2.3 48.6 2.3 37.6 2.2
D48 46.5 1.3 32.9 1.8 46.2 1.3 32.6 1.7
D49 47.8 2.2 35.3 1.6 47.5 1.8 35.0 1.8
D50 49.8 1.8 33.5 1.5 49.3 1.9 34.5 3.4
Mean 49.2 35.2 48.7 34.9
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Fig. 7. Atmospheric dependence histogram. Angle: THORO-RED

OAK KNOB-JEREMY. Daytime determinations, without closure.
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Table V. Mean and Standard Deviations
of 16 Positions - Nighttime

Without Closure With Closure

Survey JEREMY OVERLOOK JEREMY OVERLOOK
Mean SD Mean SD Mean SD Mean SD

1 48.3 2.4 33.2 2.2 48.7 2.4 33.6 2.2
2 46.5 1.9 32.7 1.8 45.8 2.1 32.0 1.5
3 48.8 2.4 35.2 1.8 47.9 2.5 34.4 1.9
4 47.7 2.1 34.2 2.1 46.7 2.0 33.2 2.2
5 49.9 2.4 32.6 2.3 49.0 2.5 31.8 2.1
6 45.0 3.3 32.0 2.3 44.5 3.2 31.4 2.3
7 47.7 2.6 31.4 2.6 47.2 2.4 30.6 2.7
8 49.6 2.1 33.8 2.8 48.7 2.1 32.9 2.8
9 47.7 1.9 32.5 2.5 47.1 2.0 31.9 2.8

10 47.4 2.4 32.8 1.8 46.9 2.2 32.3 1.8
11 48.2 2.1 31.8 2.1 46.9 2.6 31.3 2.3
12 48.2 2.2 33.7 2.3 47.6 2.5 33.1 2.3
13 48.0 2.0 33.2 1.6 47.5 2.0 32.7 1.9
14 48.6 1.6 35.2 2.1 48.4 1.9 34.6 1.9
15 49.3 2.5 32.6 2.6 48.9 2.3 32.1 2.5
A 48.9 2.2 34.0 2.9 413.5 2.1 33.1 3.1
17 49.4 2.9 34.3 2.6 49.4 2,9 33.9 2.7
18 48.6 2.5 32.5 2.5 48.1 2.5 31.6 2.2
19 48.2 2.0 29.6 3.1 47.7 1.9 28.4 2.6
20 48.7 2.0 33.8 2.5 48.5 2.0 33.5 2.5
21 47.6 1.8 31.5 2.2 47.2 1.9 31.1 2.3
22 46.6 1.8 31.2 2.4 46.2 1.9 30.7 2.5
23 46.8 1.4 31.5 2.2 46.4 1.4 31.1 2.2
24 47.1 2.2 31.4 2.0 46.4 2.5 31.0 2.0
25 48.0 1.9 32.9 2.0 47.5 1.9 32.4 2.1
26 46.6 2.5 31.3 2.8 46.2 2.6 30.6 3.0
27 48.4 2.4 33.2 1.3 48.1 2.6 32.9 1.4
28 48.9 2.1 32.4 2.0 48.4 2.2 31.9 2.1
29 48.8 1.8 32.6 1.7 48.4 1.9 32.3 1.9
30 48.3 2.3 32.8 1.8 48.3 2.2 32.5 1.7
31 48.8 2.0 34.2 2.4 48,5 2.1 33.8 2.4
32 49.4 2.3 34.9 1.6 49.1 2.4 34.6 1.6
33 49.9 2.1 34.0 2.1 49.6 1.8 33.8 2.1
34 49.6 2.1 34.4 2.7 49.6 1.9 34.3 2.5
35 48.8 1.8 33.3 1.9 48.6 1.8 33.2 2.1
36 49.1 2.3 34.9 2.1 48.9 .2 34.4 2.5
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Table V (cont'd)

Survey Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

Mean SD Mean SD Mean SD Mean 3D

37 49.1 2.0 34.8 2.9 48.9 2.1 34.5 2.9
38 47.3 1.7 33.9 2.0 47.1 1.7 33.6 1.9
39 47.8 1.7 34.9 2.0 47.7 1.7 34.9 1.8
40 48.6 2.1 33.0 2.2 48.4 2.2 32.8 2.2
41 47.8 1.4 34.3 2.0 47.6 1.2 34.1 2.1
42 48.6 1.5 34.1 2.3 48.5 1.6 34,0 2.3
43 49.4 1.8 35.3 2.0 49.3 1.7 35.2 2.0
44 48.5 1.8 34.3 2.7 48.3 1.9 34.2 2.7
45 47.7 1.8 35.5 2.4 47.6 1.8 35.4 2.4
46 48.1 1.5 35.2 2.5 48.1 1.6 34.9 2.7
47 47.2 1.3 34.9 1.4 47.0 1.3 34.7 1.5
48 48.4 2.4 35.9 1.5 48.4 2.4 35.9 1.6
49 47.5 2.0 34.3 1.8 47.4 1.9 34.6 2.1
50 47.5 2.3 34.6 2.2 47.6 2.4 34.7 2.3

Note: A rejection limit of ± 5.0 was used, and THORO (USAERDL) was
employed as the initial station with ET27 WCE USGS (RED OAK
KNOB) as the instrument station.
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Table VI. Mean and Standard Deviations
of 12 Positions - Nighttime

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

NO 48.0 2.6 33.1 1.8 48.5 2.6 33.6 2.1
N02 46.5 2.1 32.6 1.9 45,9 2.3 32.1 1.5
N03 48.7 2.7 35.5 1.8 47.9 2.8 34.7 1.9
N04 47.8 2.3 34.5 1.7 46.8 2.2 33.6 1.7
N05 49.5 2.4 32.4 2.4 48.7 2.5 31.7 2.2
N06 44.8 3.6 32.0 2.4 44.1 3.5 31.4 2.4
N07 47.6 2.1 31. 5 2.9 46.9 2.2 30.8 2.9
N08 49.7 2.0 34.3 2.6 48.9 1.9 33.5 2.6
N09 47.8 1.8 32.8 2.7 47.3 1.9 32.2 2.7
N1O 47.3 2.7 32.6 1.5 46.8 2.5 32.1 1.4
Nil 48.1 1.9 31.7 2.4 46.6 2.8 31.2 2.6
N12 48.3 2.1 33.9 2.4 47.7 2.4 33.3 2.5
N13 48.2 1.4 33.4 1.8 47.6 1.6 32.8 2.1
N14 48.3 1.3 34.9 2.2 48.2 1.9 34.4 2.0
N15 49.3 2.4 32.3 2.6 48.9 2.1 31.9 2.4
N16 49.1 2.2 33.3 2.9 48.7 2.1 33.4 3.2
N17 49.5 3.0 35.0 2.6 49.5 2.7 34.6 2.7
N18 48.5 2.2 32.5 2.4 48.0 2.3 31.6 2.0
N19 47.6 1.8 29.8 3.3 47.3 1.8 28.5 2.5
N20 48.0 1.4 33.3 26 47.8 1.6 33.1 2.6
N21 47.4 1.6 31.7 2.2 47.0 1.7 31.3 2.4
N22 46.7 1.6 31.3 2.3 46.3 1.6 30.8 2.4
N23 47.0 1.2 31.5 2.2 46.7 1.2 31.2 2.2
N24 47.3 2.1 31.8 1.9 46.9 2.1 31.4 1.9
N25 48.2 2.2 33.2 2.2 47.7 2.1 32.7 2.3
N26 46.5 2.5 31.3 3.0 46.1 2.6 30.4 3.3
N27 48.0 2.2 33.1 1.4 47.7 2.5 32.8 1.5
N28 48.5 2.2 32.5 2.1 48.3 2.3 32.3 2.2
N29 49.1 1.7 32.8 1.9 48.8 1.7 32.4 2.1
N30 48.0 2.5 32.9 1.8 48.0 2.2 32.4 1.8
N31 48.8 2.2 34.3 2,4 48.5 2.3 33.9 2.4
N32 49.2 2.3 35.0 1.6 48.9 2.4 34.7 1.7
N33 49.9 2.2 34.1 2.2 49.7 2.0 33.9 2.2
N34 49.6 2.4 34.6 2.8 49.6 2.2 34.6 2.6
N35 48.5 1.7 33.3 2.2 48.3 1.8 33.1 2.3
N36 49.0 2.4 35.0 1.8 48.7 2.2 34.3 2.4
N37 48.9 2, 2 35.1 2.9 48.7 2.2 34.9 2.9
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Table VI (cont'd)

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

N38 47.2 1.9 33.8 2.1 46.9 1.7 33.5 1.9
N39 47.7 1.8 35.0 1.6 47.6 1.8 35.0 1.4
N40 49.1 1.7 33.5 2.3 48.8 1.8 33.2 2.3
N41 47.7 1.4 34.9 1.9 47.6 1,2 34.8 1.9
N42 48.3 1.5 34.5 2.2 48.2 .6 34.4 2.2

N43 49.6 ?. 0 35.4 2.0 49.6 1.8 35.3 2.0
N44 48.7 1.6 35.1 2.5 48.6 1.7 35.1 2.4
N45 47.5 1.8 35. q 2.4 47.5 1.9 35.9 2.3
N46 47.9 1.6 35.7 2.6 47.9 1.7 35.6 2.5
N47 47.3 1.4 35.1 1.3 47.0 1.4 34.9 1.5
N48 47.8 2.2 35.7 1.7 47.8 2.3 35.7 1.6
N49 47.5 1.9 34.6 1.4 4". 4 1.9 34.9 1.9
N50 47.2 2.6 35.3 1.8 47.4 2.7 35.5 1.9

Men 48.1 33.6 47.8 33.2
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Table VH. Mean and Standard Deviations
of 8 Positions - Nighttime

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

N01 48.7 1.7 33.9 2.7 49.1 1.9 34.3 2.5
N02 47.0 2.0 33.4 2.0 46.0 2.5 32.4 1.6
N03 49.2 2.2 34.9 1.6 48.3 2.4 33.9 1.7
N04 48.1 1.4 33.8 2.1 46.9 1.4 32.6 2.2
N05 50.1 1.9 32.8 1.8 49.2 2.0 31.9 1.9
N06 45.7 2.8 32.7 1.4 44.9 2.6 32.0 1.4
N07 47.5 2.8 32.4 2.3 47.3 2.2 31.6 2.4
N08 48.7 2.5 32.9 3.0 48.0 2.4 32.1 3.1
N09 47.3 2.1 32.9 2.6 46.5 2.1 32.2 2.6
N10 46.7 1.6 33.2 2.2 46.2 1.5 32.7 2.2
Nl1 48.2 2.4 33.0 1.6 47.6 2.3 32.4 1.9
N12 48.8 2.6 33.9 2.0 48.1 3.0 33.2 2.2
N13 47.6 2.5 33.1 1.7 47.3 2.7 32.8 1.9
N14 48.7 1.7 35.7 1.7 48.2 1.8 35.2 1.7
N15 48.6 2.7 32.5 2.8 48.4 2.3 32.3 2.5
N16 49.2 2.4 34. 1 2.8 48.6 2.6 33.5 2.7
N17 48.7 2.5 33.8 2.7 48.5 2.7 33.5 2.9
N18 48.3 2.5 32.6 2.7 47.7 2.7 31.3 2.1
N19 48.9 1.8 30.2 2.4 48.3 1.8 29.4 2.5
N20 49.4 2.4 34.4 2.7 49.1 2.2 34.1 2.5
N21 47.7 1.8 31.6 2.2 47.4 1.8 31.3 2.2
N22 45.9 2.2 31.3 2.9 45.4 2.3 30.8 3.1
N23 46.3 1.3 31.5 1.6 45.9 1.5 31.1 1.7
N24 46.6 :,0 31.0 1.9 45.4 2.6 30.6 2.0
N25 47.1 1.7 33.1 1.7 46.6 1.7 32.6 1.6
N26 46.0 2.9 31.6 2.4 45.9 3.0 30.8 3.0
N27 48.6 2.4 33.7 1.4 48.1 2.6 33.3 1.6
N28 48.8 1.9 32.2 2.2 48.4 1.9 31.8 2.2
N29 48.1 1.6 33.2 2.0 48.0 1.6 33.1 2.0
N30 48.1 2.4 33.3 1.7 47.9 2.5 33.1 1.5
N31 48.3 1.1 34.5 2.4 48.0 1.3 34.2 2.4
N32 48.9 2.4 34.9 1.8 48.6 2.5 34.5 1.7
N33 49,.7 1.9 34.4 2.3 49.6 1.8 34.3 2.4
N34 49.3 2.2 34.3 3.4 49.4 1.9 34.4 3.2
N35 48.6 2.2 33.5 1.8 48.6 2.1 33.5 1.9
N36 48.7 2.2 35.4 2.6 48.7 2.2 34.7 3.3
N37 49.2 1.7 34.1 3.6 49.0 1.8 33.9 3.5
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Table VII (cont'd)

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

N33 47.3 1.5 33.8 2.3 47.3 1.5 33.7 2.2

N39 48.3 1.4 34.8 2.7 48.1 1.6 34.6 2.5
N40 47.9 2.1 33.5 2.5 47.7 2.3 33.3 2.5
N41 47.8 1.2 33.6 2.2 47.6 1.2 33.5 2.3
N42 49.1 1.1 34.7 2.6 49.1 1.0 34.6 2.5
N43 49.3 1.9 35.4 2.5 49.1 1.9 35.2 2.4
N44 47.9 1.9 33.6 2.9 47.7 2.0 33.4 2.9
N45 48.0 1.7 34.5 2.2 48.1 1,8 34.6 2.2
N46 47.8 1.5 34.8 2.8 47.8 1.6 34.1 3.1
N47 46.9 1.1 34.9 1.5 46.8 1.1 34.7 1.5

N48 4S. 1 2.9 35.6 2.2 48.0 2.8 35.5 1.9

N49 46.7 2.2 34.0 2.2 46.7 2.2 34.0 2.2
N50 47.4 1.5 33.9 2.4 47.6 1.6 34.1 2.5
Mean 48.1 33.5 47.7 33.1

2
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Table VIII. Mean and Standard Deviations
of 4 Positions - Nighttime

Without Closure With Closure
JEREMY OVERLOOK JEREMY OVERLOOK

NO 48.3 2.1 34.5 2.1 48.7 2.5 35.0 2.1
N02 47.3 2.7 33.9 2.5 46.2 3.4 32.8 1.8
N03 49.4 3.1 35.3 1.7 48.4 3.3 34.3 1.8
N04 48.6 L..I 34.1 .7 47.4 .9 32.9 .3
N05 49.3 .9 32.3 2.3 48.3 .8 31.4 2.3
N06 45.1 3.4 33.4 1.7 44.2 3.0 32.7 1.7
N07 47.1 1.7 33.8 2.1 46.3 1.7 32.9 2.2
N08 48.1 2.3 33.6 3.0 47.6 2.4 33.1 3.2
N09 47.4 2.1 34.0 2.9 46.5 2.2 33.2 2.7
N10 45.8 1.2 33.0 1.8 45.3 1.0 32.5 1.7
Nil 47.8 2.6 33.9 1.7 47.3 2.5 33.4 2.0
N12 49.5 2.3 34.8 1.7 48.8 3.0 34.0 2.3
N13 47.8 1.8 33.6 2.3 47.5 2.4 33. 3 2.5
N14 47.9 .6 35.5 1.8 47.2 .6 34.8 1.7
N15 47.8 2.2 31.8 3.0 47.8 1.8 31.8 2.5
N16 50.1 2.3 35.5 2.3 49.5 2.7 34.8 2.5
N17 48.0 2.0 35.1 3.1 48.0 2.0 35.1 3.2
N18 47.5 1.8 33.0 2.9 46.9 2.2 31.0 1.1
N19 48.1 1.4 31.5 2.0 47.5 1.7 30.9 2.4
N20 48.0 1.5 33.6 3.4 47.8 1.7 33.4 3,3
N21 47.3 .9 32.0 2.4 47.1 .7 31.9 2.5
N22 45.4 1.9 31.8 3.2 44.9 2.1 31.3 3.5
N23 46.4 .9 31.4 1.0 46.3 1.0 31.3 1.0
N24 46.1 1.7 31.5 1.4 45.8 1.6 31.1 1.8
N25 46.8 2.4 34.1 1.7 46.3 2.3 33.6 1.3
N26 45.4 3.1 31.8 2.9 45.1 3.4 30.3 3.9
N27 47.4 1.7 33.9 1.9 46.9 1,8 33.4 2.0
N28 47.6 1.7 32.3 2.7 47.4 1.8 32.0 2.9
N29 48.5 1.1 34.1 2.4 48.6 .6 34.3 2.3
N30 46.8 2.5 33.8 1.7 46.4 2.7 33.4 1.3
N31 47.9 .2 35.1 2.5 47.5 .6 34.8 2.5
N32 47.9 1.8 35.1 2.4 47.5 1.6 34.7 2.5
N33 49.6 2.4 35.3 2.8 49.6 2.4 35.3 2.8
N34 48.9 3.2 34.9 4.6 49.1 2.8 35.1 4.2
N35 47.6 2.3 33.4 2.4 47.8 2.5 33.5 2.5
N36 47.8 2.0 36.1 2.0 47.8 2.0 34.8 3.9
N37 48.6 1.9 34.4 4.5 48.4 1.8 34.2 4.3
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Table VIII (cont'd)

Without Closure With Closure

JEREMY OVERLOOK JEREMY OVERLOOK

N38 46.9 1.9 33.3 2.7 46.9 1.7 33.2 2.6

N39 48.4 1.7 35.1 2.6 48.3 1.8 35.0 2.3

N40 48.6 1.3 35.4 2.1 48.3 1.7 35.0 2.5

N41 47.4 .9 34.8 2.3 47.5 .9 34.9 2.2

N42 48.9 .9 36.6 .5 48.8 .8 36.5 .4

N43 49.8 2.5 35.5 3.0 49.5 2.5 35.3 3.0

N44 48.1 1.3 35.5 2.7 47.9 1.3 35.3 2.8

N45 47.9 1.8 34.9 2.6 48.0 2.1 35.0 2.3

N46 46.9 1.2 35.8 3.6 46.7 1.1 35.5 3.5

N47 46.9 .7 35.5 .9 46.7 1.0 35.3 1.4

N48 45.9 1.7 34.4 1.8 46.0 1.9 34.5 1.7

N49 46.0 2.1 34.4 1.9 46.0 1.9 34.4 1.8

N50 46.6 1.7 35.6 1.7 47.0 1.9 36.0 1.9

Mean 47.7 34.1 47.3 33.7
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III. DISCUSSION

9. Instrumental Errors. The quality of an instrument is a factor
in the variability of the angles in each set of 16 circle settings. Through-
out this test, the same instrument and the same segments or positions on
the circle were used for the corresponding 16 positions within each set of
angles. The 1,600 angles measured were grouped according to position or
circle setting and whether measured during day or night.

a. The data for Fig. 12 were formed from the average angle
variations for each of the 16 circle settings. These variations were deter-
mined by taking the average angle for each of the 16 positions, from the
combined average angle of all posit.ons. The day and night angle variations
versus circle setting were plotted on the same table to show the correlation
with circle setting and angle measured.

b. Tables IX and X contain nighttime and daytime data for
the instrument error versus position or circle setting. The angle THORO-
RED OAK KNOB-JEREMY was used because this angle is approximately
450 which is a multiple of 1800 and a multiple of the circle setting. The
angles were grouped in the following manner: Positions 1, 5, 9, and 13;
2, 6, 10, and 14; 3, 7, 11, and 15; and 4, 8, 12, and 16. The mean angle
for each group was determined and variation from these mean angles for
each circle setting was determined. The graphs at the bottoms of Tables
IX and X, that is, Figs. 13 and 14, are the apparent instrument circle
error in arc seconds plotted against the circle setting in degrees. The pro-
cedure used in determining the error for each circle setting was the proce-
dure outlined in the Military Specification MIL--T-52035A, THEODOLITE,
SURVEYING, DIRECTIONS, FIRST ORDER; Page 40, Theodolite Circle
Test Instructions, with the following exceptions:

(1) Terrestial targets were used in lieu of collimators.

(2) The angle between targets was 450 in lieu of 360.

(3) Only one micrometer coincidence was made to each
target.

c. Examination of Tables IX and X leads to the conclusion
that the graduation errors of the horizontal circle can be neglected for all
practical purposes because they are smaller than the observation errors
encountered in the field. This does not mean that observations should be
taken using just one part of the circle, but does conclude that applying a
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+1 NIGHT DETERMINATION

0/

0

DAY DETERMINATION
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0 011 220 30 450 560 670 9780 40 101 1120 1230 1350 1460 1570 1680

r4 +2 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 2NIGHT DETERMINATIONS

0
0 DATM EEMINATION /

1 -2

;0

0C 1 22 45 5660 780 90 1010 1120 1230 1350'14601.570 1680

Fig. 12. Average angle deviation vs circle setting. Top: Angle,
TItORO-RED OAK KNOB-JEREMY. Bottom: Angle, THORO-RED
OAK KNOB-OVERLOOK.
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Table IX. Field Circle Test
Angle: THORO-RED OAK KNOB-JEREMY

Nighttime Data, without Closure

GROUP #1 GROUP #2

DTAMETER 3 1II III DIAMETERS I II III

ACCUM. A uuM.
DEGREES ARIATION ERROR ERROR DEGREES VARIATIONS ERROR ERROR

0 +.09 0. 0 11 +.72 0 -.30

90 -.30 +.09 +.09 101 -2.26 +1.37 +1.06

135 +.21 -.21 -.21 146 +.89 -.89 -1.19

Z -4 0 0 -.00 ;E/-4 0 -.30 +0

GROUP #3 GROUP #4

22 -.11 0 -.42 33 +.29 0 +.0^

67 +1.27 -.11 -.53 78 -.64 +.29 +.31

1.12 -.53 +1.16 +.74 123 +.31 -.35 -.32

157 -.63 +.63 +.21 168 +.04 -.04 -.01

. -4 -.00 -.42 0 /4 +0 1+.02 +.00

Eni ~ -- Z
0 11 22 33 4556 67 78 90 101 112 123 135 146 157 168 180

CIRCLE SETTING (DEGREES)

Fig. 13. Field circle test, mean instrument errors. Angle: THORO-
RED OAK KNOB-JEREMY. Nighttime data, without closure.
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Table X. Field Circle Test
Angle: THORO-RED OAK KNOB-JEREMY

Daytime Data, without Closure

GROUP #1 GROUP #2

DIAMETE S I II III DIAMETERS I II II
ACCUM. AU

DEGREES VARIATIONi ERROR ERROR DEGREES VARIATION, ERROR ERROR

0 +.03 0 +.05 li +.99 0 -.72

45 -.43 +.03 +.08 56 +1.07 +.99 -.27

90 +.58 -.40 -.35 101 -2.25 +2.06 +1.34

135 -.18 +.18 +.21 146 +.19 -.19 -.91

0 +.05 +.00 ___ 0 -.72 -.00

II
GROUP #3 _________ ____GROUP #4 ____

22 -.74 0 I +.17 33 +.05 0 +.35

67 +.93 -.74 -.57 78 -.86 .05 +.40

112 -.33 +.19 +.36 123 +.17 -.81 -.46

157 +.14 -.14 +.03 168 +.64 -.64 -.29

0 +.17 -. 0, a +.35 +.00

+1.0k

,0 10

M 2 .7 4556 7 8 10T1 123 135 14 157 168 180

CIRCLE SETTING (DEGREES)

Fig. 14. Field circle test, mean instrument errors. Angle: THORO-
RED OAK KNOB-JEREMY. Dqytime data, without closure.
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correction to a field observation to remove the error in the circle would be
impracticable.

10. Angular Measurement. Because the data obtained from the
THORO-RED OAK KNOB-JEREMY angle appear to be of significantly better
quality than the data obtained from the THORO-RED OAK KNOB-OVERLOOK
angle, it is felt that some discussion is warranted pertaining to this differ-
ence. Station JEREMY was established by the test team. This station was
placed at the edge of a ridge-line in such a position that the line-3f-sight to
Station RED OAK KNOB was essentially down the middle of a V-shaped cut
in the side of the mountain's face and then along a small stream. This
placement permitted the line-of-sight to run either between intervening ter-
rain or at right angles to the terrain. The Station OVERLOOK is placed at
the ridge-line of the same mountain range but the line-of-sight from OVER-
LOOK to RED OAK KNOB passes along the side of an intervening knoll.
This condition could cause horizontal refraction of the path which is a re-
sult of the prevailing wind currents sweeping up the face of the knoll. It is,
therefore, believed that the apparent differenge in the consistency of data
is the result of station location and the effect upon the line-of-sight brought
about by the terraiL between the stations.

11. Comparison of Daytime and Nighttime Data. The mean angles
for the daytime and nighttime were grouped according to condition and were
algebraically meaned as shown in Table XI. Obviously, these data show a
shift of approximately 11'0 from daytime to nighttime data. The exact rea-
son for this shift is not known but it could have been caused by a semifixed
change in atmospheric conditions from day to night or by a change, perhaps
resulting from thermal gradients, within the instrument from day to night.
As the data that were observed during nighttime showed less variability be-
t.veen the angles within sets and the data observed during daytime showed
less variability between sets of angles, it ic -oncluded that the majority of
the errors are caused by the atmosphere that lies between the stations.
This conclusion is based upon the correlation of variability to atmospheric
conditions; that is, the more dynamic daytime atmosphere would caase the
variability to appear from angle to angle within the sets, and the slower
changing nighttime atmosphere would cause the variability to appear fr,'m
set to set.

12. Accuracy Analyses. The data obtained were examined to deter-
mine the overall (day and night) accuracy limits of the test instrument. It
was noticed that the mean of the daytime data without closure and the night-
time data without closure, yielded the value of 33'.'9 for the THORO-RED
OAK KNOB-OVERLOOK angle. This value is exactly equal to the computed
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Table XI. Daytime Angular Measurements vs
Nighttime Angular Measurements

Daytime Nighttime
Test Site With Without With Without

Closure Closure Clcsure Closure

Angle:
THORiO-RED OAK

KNOB-JEREMY 49"0 49".4 47.19 48" 2
THORO-RED OAK
KNOB-OVERLOOK 341'1 34".4 33'.'1 33.'4

Daytime and Nighttime
With Without

Closure Closure

Angle:
THORO-RED OAK

KNOB-JEREMY 48" 5 48.18
THORO-RED OAK
KNOB-OVERLOOK 33".6 33".9

angle between these first-order stations as determined by obtaining the dif-
ference between the first-order geodetic azimuths from Station RED OAK
KNOB to THORO and to OVERLOOK. The analysis for accuracy was,
therefore, based upon the assumption that the true angle was the mean of
all data observed without closure for each of the angles involved. This as-
sumption was utilized to generate the data in Table XII. Analyses of these
data show that more than 90 percent of the observations fell within L 2"5
for the THORO-RED OAK KNOB-OVERLOOK angle and within t 2".0 for the
THORO-RED OAK KNOB-JEREMY angle, It is significant that no observa-
tions were rejected for this analysis. These data include those angles ob-
served during daytime under conditions of extreme heat waves, haze, and
the like. When data observed during conditions of poor target image are
rejected, the accuracy limit for the THORO-RED OAK KNOB-JEREMY im-
proves frcm+ f 2'0 to + 1'5, and the accuracy limit for the angle including
Station OVERLOOK improves from ±. 2".5 to ±. 2".0. Table XmIII was formed
by plotting the mean angle from the nighttime observation of the THORO-
RED OAK KNOB-JEREMY angle when the targets were steady, as deter-
mined from 16, 12, 8, and 4 D&R readings. Analyses of these data show
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Table XII. Accuracy Comparison

No. of Observaticns
Test Site All Data Data w/Good Targets

Day Night Total Day Night Total

Angle: THORO-RED OAK KNOB-JEREMY
Assumed True Value: 48.'8

True t 1'o 32 33 65 22 20 42
t ]-'5 44 43 87 28 25 53
t_ 2:0 47 46 93 30 29 59
t 2.15 48 49 97 31 31 62
t3'0 48 49 97
+L 3.15 50 50 100

Angle: THORO-RED OAK KNOB-OVERLOOK
Assumed True Value: 33'9

True + 10 25 26 51 18 17 35
±_ 11.15 36 39 75 24 24 48
f 2"0 43 42 85 29 26 55
±.21.'5 45 47 92 30 29 59
: 48 49 97 31 31 62

t 31'5 48 49 97
+410 50 49 99
415 50 50 100

Table XIII. Accuracy vs D&R Readings - Nighttime

No. of Surveys That Fall within Stated Limits
Test Site No. of D&R Readings

16 12 8 4

Angle: THORO-RED OAK KNOB-JEREMY
Assumed True Angle

True +t 1:0 19 18 20 14
+ 1.'5 26 26 24 18
+ 2.10 29 29 26 24
+ 21'5 31 31 29 26
+ 31.'0 31 29

+ 31.'5 31
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that as the number of D&R readings is reduced, the range of the mean
angles increases.

13. Horizon Closure Technique Analyses. The comparative analy-
sis of data observed with and without horizon closure shows that applying
horizon closure causes a negative shift of the mean of the mean angles of
approximately 0".3. It is believed that this shift is caused by a combination
of events that are taking place within the instrument (creep, axis strain,
drag, and the like), the total effect of which results in a "wind-up" of the
instrument, that is, as the instrument is rotated in azimuth, a second

pointing to a given target will be slightly lower in value than the initial
pointing. The amount of this difference will yield an indication of the qual-
ity of the instrument being used. From a statistical point of view, however,
the amount of difference that was experienced with this particular test in-
strun:ent is insignificant. This concluLion was reached after testing the
hypothesis that the difference between angles measured with and without
horizon closure should be equal to zero. A test on paired differences was
used so that if the paired measurements tend to be large or small together,
an increase in the ability of the test to detect a small difference is possible.
The results of this test indicate that, at the 0. 05 level of significance (95
percent confidence level), no evidence exists to indicate any paramount
difference.

IV. CONCLUSIONS

14. Conclusions. It is concluded that:

a. The test instrument is capable of a field accuracy of ± 2"'5,
and this accuracy is obtainable 90 percent of the time.

b. The difference between observations made during day-
time and nighttime is not so great as anticipated (an improvement of only
two to four percent favors the nighttime observations), and the apparent
accuracy t0 a good station site observed during daytime is better than the
accuracy t) a questionable station site observed during nighttime.

c. Use of the observation technique of horizon closure gives
the operator some idea of the quality of the instrument, but it is inapprop-
riate to include the horizon closure data in determining the angular value
sought.
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d. Reduction of the number of D&R readings that constitute
a set increases the spread of angular accuracy and, therefore, increases
the probability that a set of data will have to be rejected.

e. The accuracy obtained under good seeing conditions (+2'.'5,
0 percent) is appreciably better than the accuracy obtained when the target

image is poor (+2'.'5, 80 percent).

On the basis of the facts just presented, it can now be
concluded that a successful microwave angle-measurinLg system must
consider the following:

(1) The microwave system must be capable of measur-
ing an angle with an error of not more than 2."5 for 90 percent of the
time.

(2) Particular attention must be given to the instrumen-
tation, observing procedure, and observational data processing to
insure that the daytime variations do not preclude attainment of the
desired accuracy and operational reliability because the variations in
individual pointings with microwave systems have been noted as ex-
treme under certain daytime conditions.

(3) The instrumentation and observational procedure
must provide for D&R pointing and angle measurements in a technique
similar to that used with optical theodolites to eliminate or reduce the
systematic instrumental types of error. The exact number of D&R
observations required per set is not necessarily the same as that in-
dicated for an optical theodolite, and the determination of the proper
number must be arrived at through experimentation and tests.

(4) Seeing defined in terms of visible image motion,
shimmer, and dancing can be equated to similar nonvisible effects of
atmospheric refraction instability and can be expected to contribute
errors in angle measurements made with microwave. TIhe magnitude
of these errors must be determined and instrumentation and proce-
dures must be established accordingly, so that the required accuracy
is achieved in both good and poor seeing conditions.
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APPENDIX A

FIRST-ORDER ABSTRACT - USC&GS FORM 470

STATION FOIR 70 U.S. DEPARTMENT OF COMMERCE
(3-31-341 COAST AND GODOETIC SURVCY

ABSTRACT OF DIRECTIONSg-r-; v,,c. (V56._0
STATE COM4PUTEO BY DATE -9 VOLUME NO.

OBSERVER CHECKED BY INSTRUMENT NO.

a . _ _ __ _ _ L_-_I___Ifr_____

STATIONS OBSERVED
P031 TION

NO. 0 
" 

t L VA.

o o , L) 04a i , H' L r.,P
-_- , rE t , 'i J ,,L TF P P

otoo 0 0 - -E &D9 ---- 7 - 0 r

0' 00' ILI '.2 I7 21 r~izIk~ iA
11 1 1 AIN ,

L 0.00 ./ -7 .7oo_~_ 0 2.-. DJ 3. 4" 3.t. /

2 0.00 t .Z.. Elk.._ _ _

7 0.00 0,/.- . o-.9. -_ 3_ _._ _ _

4 0.00 t. ~ ~

5 0.00 .. " 7.2 )5"  
_41,!?,

1 0.00 3. IV - i %A aL

7 0.00 o q.- 31..- lt? 3__4_j

* 0.00 -

9 0.00 o. 4" . I3(.

10 0.00 D 4.P, Lik I__ A- -0 3r.

11 0.00 . L ~ 'a"

L2 0.00 5 3f !/ o .. Z3_

1) 0.00 1z 3* - __ _ _ _

I~.0.00
L5 C.0 DOf

It 0.00 - 01.~Q.2 . ~ _ _ _ _

M AN, o3oo _____ X i
i  

3_1.3-

CON. FOR cic.,

DIRECTION,

g ICO#_'6"Oc 114

Note: This form supplied by USC&GS contains data taken in 1959 from a
First-Order Survey on three of the four test sites used in this report.
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APPENDIX B

LIST OF ATMOSPHERIC SEEING CONDITIONS

DAYTIME OBSERVATIONS

SURVEY SEEING CONDITIONS

1 Hazy with Heat Waves
2 Hazy with Heat Waves
3 Hazy with Heat Waves
4 Hazy with Heat Waves
5 Hazy with Heat Waves
6 Hazy with Heat Waves
7 Hazy with Heat Waves
8 Hazy with Heat Waves
9 Hazy with Heat Waves

10 Hazy with Heat Waves
11 Hazy and Breezy
12 Hazy and Breezy
13 Hazy with Heat Waves
14 Cloudy and Calm
15 Hazy with Heat Waves
16 Cloudy and Breezy
17 Cloudy with Heat Waves
18 Clear and Breezy
19 Clear with Heat Waves
20 Clear with Heat Waves
21 Clear and Calm, Good Targets
22 Hazy and Breezy
23 Hazy and Breezy
24 Hazy and Breezy
25 Hazy with Heat Waves
26 Hazy and Breezy
27 Hazy and Breezy
28 Hazy with Heat Waves
29 Cloudy and Breezy
30 Cloudy and Breezy
31 Cloudy and Breezy
32 Hazy and Breezy
33 Hazy and Breezy
34 Hazy and Breezy
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SURVEY SEEING CONDITIONS

35 Hazy and Breezy
36 Hazy and Breezy
37 Hazy and Breezy
38 Hazy and Breezy
39 Hazy with Heat Waves
40 Hazy and Breezy
41 Hazy and Breezy
42 Hazy and Breezy
43 Hazy and Breezy
44 Hazy and Calm
45 Hazy and Breezy
46 Hazy and Calm with Heat Waves
47 Clear and Breezy
48 Clear and Breezy
49 Clear and Breezy
50 Clear ar.d Breezy
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N LHTTIME OBSERVATIONS

SURVEY SEEING CONDITIONS

1 Hazy and Breezy
2 Hazy and Breezy
3 Hazy and Gusty
4 Hazy and Gusty
5 Clear and Calm
6 Clear and Calm
7 Hazy and Calm
8 Hazy and Calm
9 Hazy and Guky

10 Hazy and Gusty
11 Hazy and Gusty
12 Hazy and Gusty
13 Gusty, Good Targets
14 Gusty, Good Targets
15 Hazy and Breezy, Good Targets
16 Hazy and Breezy, Good Targets
17 Hazy and Calm
18 Hazy and Gusty
19 Hazy and Gusty
20 Hazy and Gusty
21 Hazy and Gusty, Good Targets
22 Hazy and Gusty, Good Targets
23 Hazy and Breezy, Good Targets
24 Hazy and Breezy, Good Targets
25 Gusty, Good Targets
26 Gusty, Good Targets
27 Gusty, Good Targets
28 Gusty, Good Targets
29 Hazy and Breezy, Good Targets
30 Gusty, Good Targets
31 Hazy and Breezy
32 Hazy and Breezy
33 Hazy and Breezy, Good Targets
34 Cloudy and Breezy, Good Targets
35 Hazy and Breezy
36 Hazy and Breezy, Good Targets
37 Hazy and Breezy, Good Targets
38 Hazy and Breezy, Good Targets
39 Cloudy and Breezy, Good Targets
40 Cloudy and Gusty, Good Targets
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SURVEY SEEING CONDITIONS

41 Gusty, Good Targets
42 Gusty, Good Targets
43 Hazy and Breezy, Good Targets
44 Gusty, Good Targets
45 Hazy and Breezy, Good Targets
46 Hazy and Breezy, Good Targets
47 Hazy and Breezy, Good Targets
48 Hazy and Breezy, Good Targets
49 Hazy and Breezy, Good Targets
50 Hazy and Breezy, Good Targets
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APPENDL C

COMPUTER TAB RUNS

DAY REAMIN -S SURVE YN.LM ER i

WII_ LL SUL---E -.... WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

POSITIONJ
NUMBER ANGLF DEV, ANGLE DEV, ANGLE DEV, ANULE DEV.

1 4990 -.5 37,0 3,2 50t3 ,4 3d,6 4.0

2 9u,5 1*0 34.5 ,7 5o.5 ,6 3405 12

3 53P5 4,0 36,U 4,2 53,3 3,4 3718 3.5

4 52#0 2.5 37.0 3,2 51.6 1.9 36,0 2.5

5 52,5 3,0 34,0 .2 52t3 2.4 s3,d q.b

6 49.0 -45 33,5 -,3 49,3 0,b 3j,0 -o5

7 49,0 -*5 36.0 2.2 50,6 ,y 31.b 3.t

8 49,0 ",5 33,0 -,8 48,5 P1.4 32.5 l, b

9 48,0 1*5 34,5 ,7 48,0 "1.9 34,5 2

to 47.5 -2,0 33,o -,8 47,U .2. 32,5 Plo

It 52.5 3.0 29,5 -4,3 53,3 3,4 3U,J P4,U

12 46,0 -3.5 29.0 -4.8 Q.-9 --.-O v -

13 49,5 .0 31.5 -2,3 49.8 -.1 31.- -2.5

14 44.5 -5.0 34,0 .2 45,5 P.4,4 35.0 ./

15 13,0 3,5 37,0 3.2 50,5 b6 34, ,2

16 46,0 -3.5 30.0 -3,8 47.U .2.9 31U "303

MEAN 49.5 33,8 49t9 34o,
S.fl. 2.7 2.8 ._
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I

_DaAY RFAI-NfS m-SiFUE.Y- NUMUER_ -2

- _WTfL _CLOSJRK .... WITH CLOQRE

JEREMY OVERLOOK JEREMY OVERLOOK

NUM8pp ANGLE DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 52.5 ?,6 35.0 1,3 51.3 i.5 33#b .2

2 49,0 -#9 36.0 -,7 48.b "1,0 321d -.8

3 920 2. 3. 3.,3 51.0 1.0-2- .3 2.4

4 47.J -2o9 29,5 -4,2 46,6 3s0 29,6 p4,6

5 49.!) -,4 33.5 -.2 49,5 *'3 33#5 -.1

b 931, 3,6 35.5 I.8 53.5 3,7 35.5 1.9

7 54.0 4.1 31.0 -2.7 54,3 4.5 31.3 r 2 . 3

8 4b5 -3.4 32.U -1,7 47.0 -2,6 32v5 "1.1

9 535 3,6 37.5 3,8 53,5 3.7 3795 3t9

10 46,0 -3.9 34.0 .3 46.0 *3. 34,0 ,4

11 47.5 -2v4 36.5 2,8 46.3 "3.5 3596 1.7

- 1251.5 1,6 32.5 -1,2 51,5 1.7 32,5 ,.1

1.3 )1.0 1.1 34,0 .3 50,3 .5 33.3 -,3

t4 47,5 -2,4 31.5 -2,2 47.8 -2.0 3126 P1,8

15 48.0 -1.9 34,0 ,3 49.0 -,8 35,U 1.4

16 50,0 It 32,5 -1,2 50.5 .7 33.0 .,b

MEAN 49,9 33,7 49,U 33,6

7 0°
49



_DAY PAAnYNMS m SURVEY NUMBE' ..

WITHOUT CLOSURE W.I.. . i CLOSURE
-I JEREMY OVERLOOK JEREMY OVERLOOK

NUMBFR ANGLE DEv, ANGLE DEV, ANGLE DEvj ANGLE DEV,

1 52,5 3,9 " 370 4,1 4- -- i,Ot XaT4- -,U it

2 52)5 3.9 365--3,6' 51, 3,5 3:,0 3,2

3 51.5 2,9 33.0 ,i 50,5 2.5 32.0 .--

4 50.0 1.4 34.0 i,1 49.8 Jae 36.b 1.5

5 50#5 1.9 35.0 2.21 51.0 3.0 3595 3.2

6 50.5 1.9 340 1,1 49.8 1,8 33, 1.0-

7 49.5 -,9 29.5 -3,4 49,3 1.3 293 .3,i

8 49.5 .9 33.0 #1 49,3 1.3 32,b .5

9 44.5 -4,1 U -U "2,9 43.8 i4,2 2993 P3,U

10 47.0 -1,6 31o5 -1,4 48,3 o3 32t8 .5

1 47,0 -1,6-33.5 .6 45,8 92*2 32o3 -,U

12 50,0 1,4 34,5 1,6 48, 1 8 33.3 1,u

13 - 60 -2, 6 32.0 --. 9 4 6.q3 -1,7 32.,3 .U

14 46,5 2.1 29,0 -3,9 46,.3 .,7 268 "3.5

15 44,5 -4,1 34. 1.1 -0 44,8 p3,2 34U 20

16 46,0 -2,6 30,5 -2,4 44,8 v3,2 29,3 3,U

MEAN 486 32,9 48,0 32,3

aD, 2,7 .2 ?.
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DAY aEADTNMS SURVEY NUMBER 4

WITHOUT CI.SUP -WITH CLOSUR

JEREMY OVERLOOK JEREMY OVERLOOK
PoqITI_,N
NUMBER ANGLE DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 4.9,5 1.4 i,-r9-...... 4890 .3 41o. 4.4

2 47.5 -.6 t,- ..---- ..... 49t0 1.3 * -- ar- ,

3 48,0 -91 35,5 .1.4 49,3 l6 36.8 -.3

4 49,0 .9 34,0 -2,9 50t3 2.6 35,3 .jb

5 50.5 2,4 40,U 3.1 49,8 2,1 393 2,2

6 5260 3,9 i6,9 - 50,8 3.1 419b 4,7

7 48,0 -1. 37.0 1- 46,3 -1.4 35.3 w.,8

8 48.0 -. 1 36,5 -t4 48,0 3 65 .6

9 46,5 -1.6 37.5 ,6 44.8 P2,9 35,b el.

10 47.0 -1i, 36,0 -t9 46,3 m1,4 35,3 8.13

i1 47,5 .6 38.5 1,6 46,5 w1,2 37,5 .4

12 49,5 1,4 36.5 ,4 48,0 o3 35,0 w2,1
13 4595 -2,6 41..0 4,1 .460 .7.. 41,5 4.*4

t4 5190 2e9 34.0 -29 50.o 2.3 33U. ,4tl

15 45,0 -3.1 34,0 -2,9 44,5 e3,2 33,5 ,3,6

1.6 45.5 "2.6 39,0 2,1 ts3 ~2 s4 38ob 1.7

MEAN 481 36,9 47,7 374
.9 20 20 2 1 8 .. .

5-



_-.A-_ .-RE A 1 - - SURVEY NU.,IlEH 5

:ITHOUT CLOSURE WITH CLOSUHE
JEPEMY OVERLOOK JIEREMY OVERLOUK

NUMER ANGLE DEV, -'ANGLE DEV. ANGLE DEV, ANGLE DE ,

3 47.5 -10 35,U 2.5 46,5 32. 34#U 1,6

2 49o5 7 34.0 1,5 48.11 -,6 62,5 -.2

3 52o.0 1.2 34,0 1.5 51. 3,2 33xb 1*1
4 0, t,2 5.5 3,0 5UU 1.4 3 , .

5 49.5 7 .33.5 1.,0 4b.8 .2329d .1

6 45.J -3.8 2995 -3.0 45.3 -3.3 29.6 "2,V

7 50,5 1,7 29.0 -3.5 50, 2.2 29.3 r3.4

8 47,0 -1,8 34,5 2,0 48.3 -. 3 35., 3,1

9 47.0 -1.8 32,5 -,0 45.3 -3.3 30, l,',

10 46,5 -2.0 28.U -4.5 45.8 -2.8 4

11 50.0) 1.2 3U.5 -2.0 50,3 3.7 30ed rl1.9

12 50,0 t.2 31.5 -1,0 49.6 1.2 31.3 rl.4

13 51,5 2.7 36.0 3.5 51.0 2. 355 2.8

t4 47.0 -1.8 33,0 ,5 48,3 9,3 34.3 1,b

15 51.5 2,7 34.0 1,5 5i.5 2.9 3 4 U i.

16 46.5 -2,3 30.0 -2,5 46.8 m1F 3U.U -2.4

MEAN 4.8 32.5 48.6 32,7

Sf. 292 2.5 2. .

52



It
DAY RFA.NS SURVEYNUME_...

WITHOUT CLOSURE -WITH CLOSURE .
JEREMY OVERLOOK JEREMY OVERLOOK

POSITION

NtJM8[R JANGLE DE%/* ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 50.0 -1.9, 37. .6 49.5 "1.9 3695 ;6

2 55.0 39i 38.5 2*1 54.8 3.4 38.3 2,4

3 51.5 -. 4 39,5 3,1 51,J -,1 39.3 3.4

4 50514 35,45 *.,9 49.3 "2#1 3493 olib

5 519. -.9 385 2.1 5098 ..6 38.3 2,4

6 5395 1,6 39.5 3.1 53, 2,1 39,5 3,6

7 ... 0 1, 39.o 2#.6 53,3 1.9 39,034-

5 52 10 1 -33.5 2#' 51t3 -1 -32 3.91-

9 50.5 -1,4 34.0 -2.4 49,5 "1.9 33.0 .2,9

10 ;*o..4 31.5 -499 wv-4.. 3103 w496

II. .,-.=---.4 36.*4 In( S.y-.4 pug ai, +

12 51.5 -,4 .R p ,9 49,8 plob 31.8 w4t1

13 49.0 -2.9 35.5 -,9 48,3 -3.1 34 tb 1 il

14- - 51.5 4 34,0 '-2,4 51.3 , 33,8 ,2

15 53,0 1o1 36.0 -9 4 52.8 '14 35 bI

16 55.0 3.1 40.0 3.6 54,5 3,j 39.5 3,6

MEAN 5199 36.4 51,4 35.9

17 2__
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DA YREADI lNS ----- - -SLLRVEY NUMBER 7

___ ,IT-HDUT CLOSUHE WITH 'LQSURE
JEREMY OVERLOOK JEREMY OVERLOOK

NUMBER ANGLE DEV. ANGLE DEV. ANGLE DE%', A10LE DEV,

1 47.0 #2 36.5 1,8 46.3 -.2 35.8 1.3

2 4690 -08 37.5 2,8 45,5 kvO 37.u 2.5

3 50.0 3.2 3. .7 49,5 3.t .3t 0 u

4 50.0 3.2 38.5 3,8 49.3 2.8 3/d 3.3

5 4b.0 1.2 35.5 .7 4?.3 .M 34.b .5

6 4690 -.8 385 3.8 45.0 -1.5 3./0t 3.1'

7 49.U 2.2 33.5 -1.3 46.u 2.4 34.3 r1.

8 50.5 3.7 35.u *2 5d.3 3.6 54,0 .6

9 50.0 3.2 35.5 ,7 49.3 2. 34,c .1

1o 44#5 -2.3 31,5 -3.3 4,3.6 ii-?.7 SO, #6 .

11 44 0 -2 ,,9 3 6 , -1,8 43 .8 -,2.7 3d. -

12 4bo -o 33.5 -. 3 45. -1. 36.0 -U .

13 43.0 -3,8 36.0 1.3 44.6 -1.7 ,/.n 3.5

14 45.5 -1.5 32.0 -2.8 47.5 1.', 4.U ,.u

15 45, 0 -].8 36,0 -106 44st) -2,' 62 t5 -2 .u

16 44.0 -2.8 31.0 -,8 43.6 -3 .2 5Ud -4.2

MEAN 46.8 314,8 4b.5

-2D. .2 4 2.s

54



DA_ -. nlI NGS - SURVEY NUMBER 8

... WITHOUT CLOSUHE WITH CLUSURE
JEPSMY OVERLOOK JbPEMY OVERLOOK

NILiM8ER ANCGIL DEv. ANGLE I)Ev. ANGLE DEV, ANGLE DEV,

1 51.0 -1.1 41.U 3,3 50,5 1.7 40, 4.1

2 55.0 2.9 30o .3 54.U 2.6 31,U .b

3 49.5 -2.6 41.5 3,8 48,3 "2.9 4Uo, 3.9

4 48.0 -4 . 3b.5 -1,2 47,3 -3.9 359b W,6

5 5.3.0 .9 39.5 1.8 51.8 .6 30,3 1.9

6 53.0 ,9 34.5 -3,2 52.3 1.1 34,6 P2.b

1 49.5 -2.6 34,0 -3.7 4/.8 3.4 32. r4,1

r.0 -1 4-#--y 5-,~ -- ,~ 16----~ U

9 r6.5 4,4 .38.5 ,8 55.d 4.6 37,8 1,4

10 50.0 "2.1 37,0 -. 7 A9,0 -2.2 3bu ",4

11 94.5 2,4 42.0 4,3 54.5 3,3 b. .4

12 50.5 -1,6 34.0 -3.7 49.3 -I.9 3296 .3.6

13 53.5 1.4 38,0 ,3 52.5 1,6 37.0 ,

14 $1.5 -,6 37.5 -,2 5U,U -1.2 36.0 A,4

1.5 53#0 . 37.5 -.2 5205 1.3 61,0 lb

1b 52.5 .4 35.5 -2,2 52,0 .6 35,U rl.4

"&AN 52.1 37.7 51,2 36.4

S aD 1 295 2t5 1,

55



DAY E N -._SUFIVEY NVMBER 9

LI.HfOVT_ CLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

__ n ! T J ( N _ _ _

NUMBER ANGLE EV, ANGLE DEV. ANGLE DEV, ANGLE DEV9

1 51.5 .8 37.0 1.2 5U.P 1.U 36.3 1,3

2 6U,5 -,2 35.5 -,3 5u.u .2 35., 0 u

3 90,5 -.2 36.0 .2 49,3 -.5 340 ,2

254 5 1,8 38.0 2,2 51t8 2.0 37,3 2.3

5 51.5 .8 39.0 3.2 50.8 1.0 3b,3 3,4

6 54.5 3,8 35.5 -03 53.5 3.7 3 4.5-s

7 47,5-3,2 34.0 -1,8 46.8 m3,0 33,3 pi,7

a 50#0 -.7 32,0 398 49o3 -95 31.3 .3,7

9 48.0 "2,7 35.0 -,8 46.8 *3,0 33.6 .1.2

to 46,0 -4.7 32,0 -3,8 45,0 w4.8 31.0 .4.0

11 48.5 -292 36.5 97 4795 .2,3 35.5 .5

12 54.0 3.3 3.5 .7 52.8 3.0 35.- .

13 3, 2.3 35.o -,B 52,3 2.5 34 3 -7

14 50.0 -.7 38.0 2,2 4993 -.5 37.3 2.J

15 52.0 1.3 3oU 1,2 51"3 1.5 36.3 1

16 .... .3 36.5 .7 50.0 ,2 35.5 .5

MEN5o735849.8 35.0
_ .D, 25 , . . 2,4 . .3u .

56



D__EAJ1INGS - SURVEY NUMBER 10

WITHOuT CLOSURE WITH CLOSURk
JEREMY OVERLOOK JEREMY OVERLOOK

_P.OSL_ f. ...

NUM6ER ANGLE DEV. ANGLE DEV, ANGLE DEV, ANUL DEV,

1 48,5 -1.4 35.5 .2 48.0 w1.3 3!7U 04

2 47.5 -2.4 36.0 *7 47.0 "2v3 3505 '9

3 4An "3.9 36,5 1,3 45,3 -4.0 35.8 lo2

4 48.5 -1,4 32.5 -2,8 48,5 a.7 32o5 r2,1

5 . U5 .6 39.0 3,8 49t5 .2 3dqU 3.4

6 54.0 4.1 365 1,3 53.5 4.3 36.U 1.4

7 53.0 3.1 35,0 -s2 52,8 3.6 310d .2

8 52,0 2,1 33.5 1,8 50.8 1j6 32, p2.6

9 52.5 2,6 9355 ,2 51, 2.b 34, .2

10 46.0 -3,9 33,5 -1,8 45,Q .4,3 32.5 r2,1

11 48,5 -194 33.5 "1,8 48,0 "1.3 33,U ,19b

12 52.0 2, 33.5 -', .1.8 51.0 1.6 32.5 r241

13 52.5 2,6 39,5 4e3 51,3 2,1 38.3 3,7

1.4 50.0 .1 34,5 -,7 49,5 .2 34tU -,b

15 45.5 -494 35.5" t2 45.U r493 35tU ,4

16 520 2.1 34,0 "1,3 51,0 1.8 33,0 W196

MEAN 49,9 35.3 4903 34#6
2a8 24-0- ___2- -e
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DAY READINGS SURVEY NUMBER 11

kITHOUT CLOSURE WITH CLOSURE
JEREMY UVERLOOK JEREMY OVERLOOK

POSITION
Nm8r- ANGLE DEV, ANGLE DEV, ANGLF DEV, ANGLE DEV,

1 47,0 -1.8 35.5 1,7 4693 w1.8 34d 1.,7

2 48,0 -,8 32,5 -1.3 46.5 .1,6 31,U m2,1

3 50.0 1.2 3WU 4.2 49.5 1,4 37, 4.4

4 1,0 2.2 31.U 3,2 50,J 2t2 36.3 3,2

5 47.5 -j,3 35.5 1,7 46.5 "1.6 34,! 1.4

6 53,0 4.2 3.0 3t2 52.3 4.2 36,6 3.2

7 46,5 -.3 35.5 1,7 47.8 -.3 34.08 1.I

8 50.5 1,7 32.5 "1.3 50.0 1.9 32.U P1.1

9 49.0 .2 32.0 -18 48,3 .2 31#j Fj.8

1.0 44.5 -4,3 29.5 "4,3 44,3 -3.8 29.3 P38

11 48.5 -,3 32.0 "1.8 48,0 %.I 31,5 .1.6

12 49.0 ,2 31.0 °2,8 48,0 -.1 30U 03.1

13 46.0 -2.8 34,5 ,7 45.0 "3.1 369! .4

14 45.0 -3.8 32,0 -1,8 44,3 w3,6 31.3 -1.8

15 92.0 3.2 35.5 1.7 513 3 .2 44-98 1

16 '.s5 2,7 31.5 2.3 51,0 2.9 31.0 P2.1

MEAN 46.8 3J.8 48,1 33.3

58



_1)AY.D. - SURVEY NUMBER 12

WITHOUT CLOSURE WITH CLOSORE
JEREMY OVERLOOK JEREMY OVERLOOK

NIJMBER ANLE- D ... ANGLE D'V. ANGLE DEV, ANGLE DEV.

1 49.5 ,3 38.5 4,7 48,5 #1 37,5 4,5

2 49.0 -#2 35.5 1,7 48,5 i1 35t0 2.*(

3 48.0 -1#2 36.5 2,7 47, # .9 36. 0u

4- 4-1,0 -1-,8 34.5 ,7 49v8 1, 3 3 ,.3

5 2.5 3,3 32,5 -1,3 1 " 3e9 3293 "t

6 48.0 -1.2 3,5" j,7 - 4 1'" 34,I 1,

7 49.U ",2 32.5 -1,3 48. -.4 315 .1,5

8 53.0 3,8 34,5 ,7 52.0 3,6 3,5 ,5

9 3,5 4, 3 5.s5 it.7 52._8 4,4 34'bjb

1U 45.5 -3,7 35.0 1,2 44,5 ,,3,9 34,U 1.U

- 11 46.5 -2,7 3Uo -3,8 46, "2.4 29,5 a3,5

112 4795 -1,7 3 U. 5 -3.3 4695 .1.9 29,95.3jp_

14 47,0 -2.2 3U.5 -3,3 46.3 P2*1 29,8 .3.2

14 45.5 -3,7 32.5 -13 45,3 "3#1 32.3 .,7

15 51,5 2,3 32,0 "1,8 50.U 1.6 30,5 P2.5

16 50,0 .8 34,5 ,7 49.5 191 34,0 1.0

MEAN 49,2 33,8 48,4 33.0

2.6 2-4_
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DAY AOIN S. ._U_.EY NUMbF R 13

vJTHOUTCLOSUiRE 6.ITH CLOSURL

JEREMY OVERLOOK JEREMY OVERLOOK
PO.RITION

NUMBER ANGLE DEV, ANGLE DEV. ArGI.F DEV, ANULE DEV.

1 51e0 .7 38.5 3,4 50,3 .7 37,8 3,5

2 49,0 -to-3 30.5 -4.6 48.3 ..1, 3 29,b v 4
q9

3 46.5 -1,8 39,0 3,9 47.5 p2*1 3u 3.?

4 50,0 -,3 J9.0 3.9 49.5 "1 360b 4,2

5 So,5-.2 36.o 2.9 49. .2 31.3 ,.,

6 52.5 2.2 3o.U .9 52.3 2,7 35to 1,5

7 91.5 1,2 3b,0 .9 50.5 ,q 35.U *

8 4"95 .,8 34.0 -1,1 49,U Mob 3J95 -,6

9 46.5 -t,8 31.5 "3.6 47,3 -2t.6 30.3 .4.U

i0 46.5 -3,8 31.5 -3,6 45.5 -4.1 3 .3,b

-5 0 ",3 32.0 "3.1 50,U ,4 3d.u r2.3

12 53 0 2.7 34. -,6 5.. 2. 3.3,S - .(0

.... 43 . . .5 -' 1 8 32.0 -3.1 47.1 . , .

14 53.5 3,2 38,5 3.4 52. , 3.2 . J,

15 50,5 ,2 35,0 -.1 49.5 "-,1 34,U -.

16 52.0 1,7 35,0 -,I 51,. 1,7 34.3 .-u

MEAN 50,3 35.1 49b 3
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AhzE~fii RY .UM3ER 14

.......- THn UT CLOSURE WITH CI.0SURE
JEWEMY OVERLOOK JEREMY OVERLOUK

NUMBER ANGLE DEV, ANGLE DEV, ANGLF PEV, ANGLE DEV,

1 49o5 07 39,0 3.9 49.3 .9 38.8 4,1

2 $0,0 1.2 35.5 ,4 50.U 1,6 35.5 ,3

3 50,U 1.2 38,U 2,9 493 , 37.3 2.6

4 49,0 ,2 36.5 1,4 48,3 **1 35.8 1.1

5 47.5 -1.3 34,5 -,6 41.0 P1.4 34,0 .U 7

0 48,5 -.3 37.0 1.9 47.b v,0 3b0 1,b

7 5165 2.7 34.5 -,6 51.3 2,9 34,3 -,4

8 46.0 -2#8 33.0 -2#1 45,5 "2.9 32-t5 P2,2

9 46,5 -2,3 34,0 ".1. 46.0 "2°4 33,5 -1.2

10 44,5 -43 39.5 4,4 43.8 "4,6 3d, 4.1

11 50.0 1.2 33,5 -4,b 50,0 1,6 30v5 P4*2

-3 49,5 97 34.5 -t6 49.5 1.1 34,5 -.2

14 49,5 .7 31.0 -4,1 49.5 1,.1 31,0 .3,7

I t5 46,5 -2.3 36.0 ,9 46U P2.4 3505 ,8

1651. 2.2 35,5 .4 50,5 2,1 3 5, tu

MEAN 48,8 35.1 48.4 34.1
o D t 2.1 2!61
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I

f ._ IANEAIN. .S-. S AVE.Y NUM BER 15

..~ -...... ...... '_LH.. J" CLOSURE WITH CLOSURE
JEQEMY UVERLOOK JEREMY OVERLOOK

NUMBER ANGLE DEV* ANGLE DEV, ANGLE DEv, ANUdLE DEV,

1 50,5 o7 39.0 3,4 49.6 ,5 38,3 3,2

2 5000 .2 3b.5 ,9 49,8 ,5 36,t6 1.2

3 47.5 -2,3 35.0 -,6 47.u "2o3 34,5 .,b

4 49#0 -,8 35 .0 -6 48.d -t5 34,o .. ,

5 47.0 -2,8 35.5 -1 46,3 m3,0 349b -.3

6 51,0 1.2 34,0-1,6 505 1.2 3, ,,6

7 .- 38,5 2.9 -4 37,0 2,

8 48.0 -1,8 34.5 -1.1 47.3 ,2,0 33.8 "1.4

9 50.0 .2 35.5 -.1 49,6 .0 34.8 P..

10 Ail a P4 34.0 -1.6 4W,4 - ;- 34,U l..,

11 50.5 ,7 34.5 -1.1 50.5 1,2 34,5 -,6

12 53,0 3. 34.5 -1,1 52.5- , 3.2 "34 9Ui,

13 51- 0 12 37,0 1,4 50.U *7 36, .9

14 505 - 7- 34,0 -1,6 49,8. ,5 33.3 .id

15 5 0 t0 .2 38.5 2,Q349.5 .2 38,0 29V

16 49,0 -,8 33.5 ",2,1 49.u w.3 33,5 rj,6

MEAN 4- 35.6 49.3 35,1

S,. 1.5 1.8 ..... .. . 5. .
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DAY READNGS SORVEY NUMBER 16

--WI THO UT CLOSUHE 'ITH GLOSUH
JEREMY OVERLOOK JERE10Y OVERLOOK

POSITION
NU48FP ANGLE DEV. ANGLE DEV, ANGLE DEV, ANULE DEV.

1 46-0-3,6 35.5 1,7 45.5 -3.6 35.0 1.6

2 9,5 "1 33.5 -.3 49,U -.1 3601) -,4I 3 47,5 -2," 32.5--1,3 47.u "2.1 32,u el,4

4 50.5 ,9 34.5 .7 50,o ,y 34,u 1 o

. 48,0 -1, 35,0 1.2 47.5 -1.,6 34.5 1.1

6 530 34 38.U 4.2 52,3 3.2 3794 3*Y

7 52,5 2.9 36s0 2,2 52.3 3.2 35.b 2,4

6 90.0 .4 32.5 -1,3 50.0 .9 32.0 -.9

9 49,5 -,j 33.0 -,8 49.0 ".1 32.! "09

0 4 .5 4,1 29,0 "4,6 45.3 -3, 28.8 v4,6

ii 51,0 1.4 37,5 3,7 5U,9 5 .a 37.u 3,b

12 49,0 -,6 300 -3-8 49.1 -U 1 30.0 "3.4

134-8,#5 --1.1 '35.1 1.2 4 7.h "1.3 '34,3 Y9
14----0 5,4 34.0 .2 5oeb 1, 4  33.5 .1

j5 52.u 2.4 35.5 ',7 . 0 1.9 34.5 1.

16- 49. -1 30 0 38 49.5 o4 300 U 9,3.

M EAN 49.6 .3,8 49.1 36 1
sIn1 2,1 .6 ...
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I
DAY ADI.rS .... RVEY NU-MOER 17

_LVOL GLOS1JNE WITH CLOSuR
JEREMY OVERLOOK JEREMY OVERLCUK!P.ST.4.l'

NIiMdER ANGLE DEv. ANGLE DEV. ANGLE OEV. AN6LE DEV,

46.0 -2.6 35o 1,5 45.5 "2.7 34,5 1,4

2 . -.- 1 -I 31.5 -2.0 47,5 .7 31.5 -I.o

3 4990 .4 38.0 4,5 48.3 .1 3/.3 4.2

4 47.0 -1.6 34.0 .5 46.5 v1.7 3-.5 .4

5 49,0 s4 3!.0 1,5 48,5 .3 34.5 1.s

48.0 -.6 32.0 -1.5 47,d 9.4 316b "10

/ 49,5 .9 33.0 -,5 48.5 .3 32.0 r1.1

8 49.5 ,9 34.0 .5 49,3 I.i 33.0 .7

9 47.5 -1#1 32,5 -1,0 47.3 -.Y 32.3 -.0

to 44,5 -4,1 31.5 -2,0 44.0 v492 31.U P291

ii 4b.0 -0 6 32.0 -1,5 48,0 -.2 32.0 -1.1

12 46,0 -2,6 32.0 -1.5 45,5 w2.7 31,5 P1,6

1349.5 s9 33,5 to 48o5 .3 32.5 wOb

14 52.5 3,9 34.5 It0 52.0 3.b 3 4U 19

S 52. 39 .3j4-q5 -0- 52.0 3,8 ~ 4 4 -r

16 .2.0 3,4 34,0 , 5 50 .U 8 34,0 ,9

MEAN 48,6 33,5 48,2 33,2.

S.. .2aL. 1.7 2,3

_6A



D ._R_£ I~r,_ --SURVEY NU,'IBFR 18

l ,ITHOUT CLOS()kE W11H CLOSURE
JEPEMY OVERLOOK JE Y UVI:HLOUK

Po. 0.1 4. 3.9

Nut dER 4NGLF (ffV, -_ANGLE DEV, ANGLF DEV, ANGLE DEV,

1 49,5 l1 38.0 4,4 49,5 1.5 3600 4,4

2 " 51.0 26 35.0 1.4 50.5 2,5 34.0 3.

3 47.0 -1#4 36,. 2,4 46.5 ",. 350; 1.,9

4 0.5 2, 38. 4,4 50,u 2.0 31,5 3.9

0 49.5 1,1 38.0 4,4 49,0 Igo 3/0 3o6

j 4.0 -3 4 . 3.4 5,0 5,' wl,0 37 .4

12 480 -#4 29,0 -4,6 47.0 q,100 296 my4.

a 47,0 -t,4 31.5 -2,1 47.u gion 319. j.,1

1 59.5 2.1 34.- 1 4,8 01. 32, 6 o,

t6 445 -1,9 31,0 -2,6 44. .35 31#U .2,6

11...I%. ... 4790 -1,4 34.5 09 47.U ,1,0 34o5 ,9

12 47, 5 -,9 -29,5"-4,t 4 7.U m- o D 2 9 #U v4",b-

... .3 "4*5 ...... % -3.9 30,0 -3,6 44#U m4#O 29a5 v4,l

J4 48,0 -o4 32,0 -1.6 48,0 -,0 32,u plb

t6 47,5 -,9 32.0 "I,6 46.8 P1,2 310 v293

MEAN 48.4 33.6 48,U 3,6

_ __. _ J.. 2 9

65



PDAYRE.Lr1 IN S - JRVEY f'J U H BE R 19

-UT- -K U .LO_5 .J_ FwWITH CLObURE
JEREMY OVERLOOK :EREMY OVERLOOK

NUMBER ANGLE DEv, ANGLE DEV, ANGLE DEV, ANLLE DEV,

% 47,0 -99 34.5 1,3 47,0 -,7 340 1,6

2 50.5 2,..6 35.0 1,8 49,5 lob 34,u 1.1

3 47,5 -.4 36.5 3,3 47,-U v,7 36*U 3.1

47,0 -,9 34, .U 8 47,0 U",7 34,U 1,1

5 47,5 -,4 36,0 2,8 4b,8 .,9 35,, 2,4

6 52,0 4, 35.5 ..3 5. -43 .. , 2.-6

7 52 0 - .1- 34,0 18 51.5 3,b 3,305 .o

a 48,0 ,1 34,-0 ,8 48,0 ,3 34.0 191

9 49.0 11 31.0 -2,2 49.0 1,3 31oU mv-'l

10 46.0 -1,9 31.u -2e2 45,5 w2,2 3U,5 r2.4

1.1 49.5 1*6 32,5 -,7 49U 1.3 32U -.9

12 46.0 -1.9 31.0 -2,2 46U -i7 31u "109

13 6.0 .1.9 -31.5 -1,7 46.0 "1.7 31.5 ,"1.'

14 44.5 .'3,4 30-,0 -3,2 44,5 " 3,2 30,0 .2,9

15 46.0 -10,9 3.U -1,2 46.0 1.7 3,,u -.9

t6 48,5 ,6 32.5 -,7 48,0 ,3 329 ,.,9

MEAN 47,9 33,2 47,7 32,9

66



_DA EPE.AZ_. G. r SU)RVEY NUM8ER 20

.... .THOUT CLOSURE WITH CLUSURE
JEPEMY UVERLOOK JEREMY OVERLOOK,

POq1TTN
N1H,48ER ANGLF DEV, ANGLE DEV. ANGLE DEv" AN'LE D-V,

1. 93.0 4- 37,5 4,1 53,0 4.2 37, 4t,3

2 53.0 4t 34.0 .6 53,0 4.2 34*U ,7

3 44.5 -4,5 32.0 -1.4 44.5 9493 32ou mi.Z5

4 50.5 1,5 36,U 2,6 50,5 1.7 36t, 2.8

5 48,5 -. 5 35.5 2.1 48,5 -.. S 359, 2,6

6 51,5 2.5 35.0 1,6 51.5 2.7 35.U Ile

7 49.0 90 35.5 2,1 48,U -.8 34.5 Is

8 4890 -1.0 32.5 -,9 48.U -., 32.5 -,7

9 50.0 I.0 33.0 -. 4 49.5 .7 32.5 -. /

10 47.0 -2,0 35,0 1,6 47.0 ".8 35,0 1,

11 47,0 -2,0 28.5 -4,9 47,0 .1.8 2b.' v4.b

12 46.0 -3.0 30.0 -3t4 46.U .2.b 30,U"n3.3

13 45,-5 -,5" 32,5 -,9 44.5 -,4t3 31,5 ,wild

14 47c0 -2,0 33.0 -.4 47," "1.8 33.u -.2

15 53.5 "4.5 3'5 . 5 .5 -4.7 33. --.

16 49,5 .5 31.0 -2,4 49,5 .7 31.0 "2*3

MEAN 49,U 33.4 48.8 33,3

67
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... !HLLQ Ul._LQRE WITH CLOSURE
JEREMY OVERLOOK J6REMY OVERLOOK

NUIMLWP ANGLE DEv, ANGLE DEV, ANGLE DEV, ANULE DEV,

.. 1 45.0 -4.0 36,5 3.4 44,U ,4.2 35 5 2,8

2 48.0 .0 36s.0 2,9 47,5 ,.7 35, 2,b

3 48.5 -,5 34.0 .9 48,5 .3 34#0 lt3

4 51.U 2,0 36,0 2,9 51.0 2.8 3bU 3,3

5 47,0 -2,0 34.0 .9 46,U e292 33,U t3

6 49,5 .5 33,5 ,4 4$,d -- 32,8 ,1

7 30.,5 -2,6 43,5 v4.7 30.5 P2,2

a505 1.5 33.0 -91 50.5 2.3 3.O *a

9 50.5 1.5 32. 2.3 3,U -,7

10 49.,0 ,0 34,o ,9 49,U lb 34tU 1.4

11 48,5 -.5 32.0 -1.1 47,5 -.7 31.0 p1.7

12 49,5 05 3U.s5 -- 2s. -49.51.3 3U .5 2*2

13 r0,0 1.0 33-5 .4 49,U ,H 32,5 .,2

.14 49 ,5 31,0 2,1 49,5 1.3 31.0 T1,7

t5 48.5 .,5 31.5 -1,6 48*U -,2 31#U .j,7

16 49,5 .5 32.0 -I.i 49,U ,6 31, ,1,2

MEAN 49,0 33.1 48q2 32,7
_Sf, 1,5 .. _LL __ 2,k _,6

68

y-



DAY READiNrS- StRVEYNVA I8-E22

WITHOUT CLOSURE WiSH CLOSURE

JEREMY OVERLOOK JePEMY OVERLOOK
POSTTION

NUMBER ANGLE DEV, ANGLE DEV, ANGLE DEV, ANULE DEV.

1 44,5 -3,j 34,5 2,3 44,5 -2.7 34,5 2.7

2 48*5 .9 34.0 1.8 4795 .3 3JU 1.2

3 47.0 -.6 35.0 28 47,0 ".2 35,U 3.2

4 48.5 .9 33.0 ,7 48.5 1.3 33,u 1.2

5 45,5 -2.1 32.5 .2 45.0 m2.2 32.0 .2

6 49,5 1,9 29.5 -2 8 490 1. 2YU "2.

- 49,0 1.4 31.5 .7 49,U 1.6 31.5 -0.3

8 47.5 it" 34.0 1,8 46,5 ..7 3i.U 1.2

9 47.0 *.6 31.0 0103 47.u ".2 31.0 "..

- . .0 ..... 5 -2. 46.0 '1,2 26.5 -3.a

-1 47.0 w,6 32o5 .2 47.0 .. 2 32.5 .17

12 48,0 .4 30.0 -2,3 47,U -,2 29,U r2,b

13 46,5 -1.1 32.0 -.2 45,5 *1,7 31.0 m.b

14 48,5 .9 32.U -.2 46,5 1.3 32.U .2

15 48,5 ,9 32.5 .2 48.5 j,3 32.5 ./

16 48,5 .9 32.5 .2 48.0 .6 32.u .2

MEAN 4796 32.3 47.2 31.o

SD, 13 1.? ,.4



DAY REA..IN._. SURVEY NUMBER 23

_...LHU_]'-CLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVtRLOOK

POS _I.r.d LT-.
NIjMUBPR ANGLE DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 45.0 3 8 33.0 -,4 44;U 94;3 32#0 -.9

2 51,5 2,7 37.0 3.6 51.5 3.2 31,0 4,1

3 900 1,2 37.0 3,6 49.5 1.2 36,5 3.6

4 48,0 -8 34e5 1.1 47,U ,1.3 33,5 b

5 46.5 -2,3 35,0 1,6 46.5 ,'1 350 2,.1

6 0 3.2 3. 51 2 "7 34, 61

7 51.0 2,2 31.5 ,1,9 51.U 2.7 31.5 P1,4

8 49,0 ,2 32,5 -,9 48,u .3 31,5 P1.4

9 46.5 -2,3 29,5 ,,3.9 46.5 - -b 295 .3,4

10 44.0 -4,8 30,5 "2,9 43,5 94.8 30.0 "2.9

11 ,5 1,7 33,5 .1. 49.5 1.2 32,5 -,4

12 52.0 3o2 32.5 ,9 520 3.73t7 32, .

3 7. -13 . .5, 1,1 47,8 ,,5 340b 1.9

14 48,5 -,3 34,4-. 48.0 v,3 32,9 .,u

15 46,5 -2,3 30,5 -2,9 46,* "1,8 30.5 W2,4

16 52,0 3.2 35. 0 1,6 51.0 2,7 34,0 1,1

MFAN 48,8 3. ,4 48,3 32,9
____2__ _ 2.2- __.2.L_.,

7/0



I
DAY PEADASri ____ SVRVEY NUMBEI 24

wirHOUT CLOSURE WITH CLOSURE

JEPbMY OVERLOOK JEREMY OVERLOOK
POSITIONJ

NtJMEbk ANGLF OEV, ANGLE DEV. ANGLE DEV, ANULE DEV,

1 48,0 -1,4 35.0 1,0 47,0 "1.9 34.0 .5

2 9, -,4 33,5 -.5 49,U .1 33.5 .0

3 -46o5 -2.9 38,0 4,0 46,0 w2,9 37,5 4,0

4 5195 241 36.5 2.5 50,5 1.6 35, 2,0

5 48.5 -.9 38.0 4,0 48,5 v.4 38,U 4,5
6 52.0 2.6 33.0 -1.0 51.0 2,1 32,0 P1,5

T S3,5 4,1 33,5 -,5 53,5 4.6 33,# ,i

8 . 48,0 -14 32,5 -1,5 47.8 p1.1 32,3 *1,2

9 46.5 "2.9 32.5 -1.5 46,95 2", 32, .1,4

10 48,U -1.4 30.0 -4,0 4:7,5 "1.4 29,5 .4,0

11 49, -,4 32.5 -1.5 48,0 .@9 3105 .2,0

12 48,5 -.9 29,5 -4.5 48.5 .4 29.5 4,U

1.350.0 .6 37*5 3,5 49,0 01 36t5 3,0

14 50,0 .6 35,0 ion 50.0 111 35.0 1.5

j5 49.5 ,1 33.5 -.5 49. U 1 ,33u -,5

16 520 '2.6 3.3.0 -1,0 50.5 116 3.520

MEAN 49.4 34.0 48,9 335

SID, .. _ 0 2,6 .. . 95

____ ____71



I)AV.. gIIN1S, _.UR EY NUM6BER 25

.. WITHOUT _COSdNE WITH CLOSURE

JEREMY OVERLOOK JEREMY OVERLOOK

NUMBER ANGLE PEV, ANGLE DEV, ANGLE DEv, ANGLE DEV,

1 50,5 1,4 35,0 3,9 50.5 2.1 35.U 4.3

2 480 -li,1 32.5 1,4 47., .,4 31,5 ,b

3 47,0 -2,1 32,0 .9 47,U nl,4 32,0 ".6

4 52.0 2.9 28,5 -2,6 51t5 3.1 2d,U .2.7

5 52o5 3.4 34,0 2,9 52.3 3#1 3W.b 3,1

6 51.5 2.4 34.5 3,4 5095 2.1 34t5 2,8

7 .. 2,0 2,9 31.5 ,4 51o5 3.1 31.0 .3

8 49.5 #4 31,5 ,4 49,U .6 31.U ,3

9 49v5 .4 29.0 -2,1 49.5 1.1 29,0 P.,

t-io .. 45,5 -6,6 309C -li 44,5 -3,9 29#0 r1,d

11 4.-0 -1.1 29,5 -1.6 47.0 wl,4 28t5 "2.2

12 45.0 -4.1 26.5 -446 45-. 3,4 20,5 .4.2

13 47,5 "i,6 32,5 1,4 47,0 "1.4 32,o 1.3

t4 48,0"-let 29,5 -1,6 48*0 -#4 29,5 V,1.2

15 5o.5 1.4 3 11 51,9 50u 1.6 32,5 1, 8

16 4!.------ 28,0 -3.1 43.5 "4.9 28.0 .2.7

MEAN 49 .. 31q1 48,4 3U.1

S., 2 I)5 2±7

72
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DflAY-EDiN'3_ - SURVEY NUMUFR 26

___ WITHOUT CLOSJRE WiTH CLOSURE
JEREMY OVERLOOK JEREMY OVER INu,

_JEEM UVE_.RT O.

NLJMBER ANGLE DEV, ANGLE DEV. ANGLE DEV, ANGLE -DEV,

1 50,Q- ee1 36., 4,3 49, w.2 3bU 4.2

2 48.,5---.6 29.5 -2,7 48,5 ,3 2995 P2,6

3 5O.0 -,1 34.0 -18f 49.5 .2, 3.5, 1.7

43.0 2.9 35.0 2,8 53.u 3.3 35,0 3.2

5 48,0 -2,1 36.5 4,3 47,5 P2,3 36,0 4.2

6 49.0 -1,1 31,5 -,7 48.0 , 8 3--0,5,1.3

7 49,0 -1,1 30,5 -I.7 49.0 ,,,7 30,5 P19.3

8 47,0 -3 ,1 30.5 -1,7 46,5 .3.3 3U,0 .. 8

9 Ti, .9 29,-i0' ~2 5 -1 .0 1.3 28.@0 .,

10 46.5 -3,6 27,5 -4,7 46,5 93,3 27.5 .,

-1 ,0 1, 3 .0 -2,2 51,5 I.s8 29.5 ,4

.2 51.5 1.4 32.5 ,3 51,.5 led 32.5 ,7

3 9-3.5 3,4 36.0 3.8 530 3.3 35t5 3,7

14 530 2.9 31,5 -a7 52,5 2,8 31.0 "b

1. 49,5 -. 6 3 . -. 2 49,5 ., 3-.0 .

"b 49,-1.1 32,0 -,2 49, 0 -. 7 32,0 ,2

MEAN 50,1 32,2 49.8 31,8

2.2 22t.

73



_--.ESAlNG .-. .SURVEY NUMBER 27

_ _.__LTIQUL.0S.CLSE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

P T T T Ofv

NUMBER ANGLE DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 48,0 -1.7 3790 4,3 47.5 w1,8 365 4,.1

2 54,0 4.3 34.5 1.8 54,U 4,7 345 2,1

3 52,0 2v3 34.U 1.3 51.,U 1.7 u'3,U

4 480 1@,7 31.5 -1,3 47,5 ,1,8 31U w,!.4

5 5045 ,8 35.5 2,8 50.5 1.2 35.5 3.1

6 '3j.5 148 35.5 2t8 51.0 1.7 -35ou 2.6

7 54.0 4,3 32.5 ",2 54,U 4.7 32,5 .1

a 49,.U -7 33.0 .2 48,5 -,8 3;65 *1

9 49.5 -.2 3U.0 -2.8 49.5 .2 3,0 2.

1.0 46,0 -3.7 28,5 -4,3 45,5 ,3,F 26,U P4,4

11 46,5 "3.2 31.0f -1.8 45,5 m3,8 3UU w294

t2 5290 2.3 31#0 18 51.5 2.2p 351,99

13 48,5 -1,2 310. -1.8 48,5 3. 1U.0o .,4

14 47,0 "2.7 3U,5 "2,3 47,U ,2.3 30.0 ,#9

15 46,5 -3.2 35.0 2.3 --4-6,5 ".2.8 3 ,U 2,b

16 -215 2,3 - 33,5 7 51.5 2.2 3,,S,0 ,

MEAN 49#7 -~32.8 49t3 32*4

_S.f, 2,7 2,4 _.2,7 2.4

74



DAY READINrS - SURVEY NUMBER 28

WITHOUT CLOSUF WITH CLO$URE

JEREMY OVERLOOK JEREMY OVERLOOK
POSITIoN

NUjMBER ANGLF flEV, ANGLE DEV, ANGLE DEV. ANGLE VEV,

1 ROO -00 38.0 2,7 49,5 v#2 37#, 2.5

2 50,0 -.o 35.U -.3 50,u .3 35,U ,u

3 47,0 -3.0 3vO -7 ... . -2.7 36.0 1,U

4 50,0 -0 34.0 -1,3 49.U P.7 33U e2.U

5 47.5 -25 34.U -1,3 47,5 -2.2 34.U .1,U

6 51.0 1,0 75 2.2 51,0 .,3 37#5 2.5

.7 So -.33, 5 1 3.8 36.5 P1.5

... .5 -2.5 35.0 -.3 46,5 "3.2 34.u .1.U

9 54.0 4,0 37.U 1,7 54,0 4.3 3/eu 2,u

0 46,5 -3t5 36,0 7 46.0 m3.7 35,5 .5
11 47.0 30 36,0 .7 465 -3,2 35.5 .5

.2 505 .5 33.5 -18- 49.8 .1 62. .2.2

13 49,0 1.0 30.5 "4,8 49.0 -.7 30.5 -4.5

j4 52,5 2,5 33.5 -1.8 52.U 2,3 33.U P2,U

15 51,5 1.5 3/.5 2,2 51.5 1.8 37*5 2.5

t- 53.0 3,0 37.5 2o2 53.0 3.3 37,5 2.5

MEAN . 0,0 35;3 49, 35 ,u

75



DAV READINGS - SURVEY N0M6ER 29

WITHOUT CLOSURE WITH CLOSURE
JEqEMY OVERLOOK JEREMY OVERLOOK

.POSITION
NUMBER ANGLE OEV, ANGLE DEV, ANGLE DEv, ANGLE DEV.

1 $0,0 -q9 39.5 3.3 50,U .,6 33t5 3.b

2 53,0 2.1 34,0 -2.2 52.8 2.2 33,o v2,1

3 48,5 -2.4 35.5 -,7 47,5 r3.2 34,5 1.,4

4 51.5 ,6 35,5 -v7 51,U .3 35.U -.9

5 50.5 .4 39.5 3,3 50,5 -'1, 39,5 3.b

6 52.5 t,6 36.5 ,3 52,3 1.7 36 .4

7 53.5 2.6 38.5 2,3 53t5 2,9 3bo5 2.b

8 47,5 -3,4 38.5 2,3 46,5 -4.2 37.5 1,6

9 50,5 -,4 36,0 -o2 50,5 %.1 36,u ,I

to 1525 16 345 -1,7 5ld 12 34,O e2,l

ti 51f, 1 35.5 -.7 53EU 3 35#5 -,4

12 51i5 ,6 32.0 -4.2 51.5 .8 32.0 .3.9

13 48,5 -2,4 36.5 ,3 48,5 w2.2 36.5 .6

1.4 92.0 1.1 34,5 -1,7 52,0 1.4 34t5 pl,4

15 47.5 -3,4 36.5 .3 46.5 m4.2 35,5 -. 4

1.6 54.5 3.6 35.5 -,7 54.5 3.9 35,5 -,4

MEAN 5U.9 36,2 50,7 35#V
SpDL 2 2 2 iL 2

78



_.K E1-IG S. SUHVEY NUMBER

wI.THOUT CLOSULHE WITH CLOSURE
JEPEMY OVERLOOK JEREMY OVERLOOK

-P-OS I I I (IN
NUMBFR ANGLE 1Ev, ANGLE DEV, ANGLE DEV9 ANGLE DEVt

I sU,O ",5 39.5 2.9 50.0 m-1 3Y,5 3.3

2 52.5 2,0 41.0 4.4 51.5 1.4 40.U 3,8

3 52.0 1,5 40.0 3.4 52,0 .y 40.U 3,8
4 5.0- ... ,~36.0 -. 6 56,1 .9 36. .2

5 48.0 -2,5 3b.5 -,1 47,i .2,6 30U ,,,2

6 49.5 -1,0 3$9.5 2,9 49,5 -, 39,5 3,-3

7 52,5 2.0 37.5 ,9 51,5 1.4 36.# .3

8 47.5 -3,0 3?,U ,4 47,5 -2,6 37,0 ,8

9 52.U 1.5 36#(, -,b 51,5 1,4 3515 .97

10 47o5 "3.0 36.0 -.6 47,0 -3,1 35.5 -#7

11 52.5 2.0 36.5 -,1 52,u 1.9 36,U ",2

j249.0 -1. 33,5 -3,1 49.U .1. 33.5 2 7

3 " 50.5 -,0 35,0 -1,6 50,0 -,1 34.5 P1.7

14 53,0 2,5 34.0 "2,6 52,0 1.9 33.0 ,3,2

iS 49.5 "1.0 33.0 p3,6 49,5 -,6 . .0 .0-3-,'

16 91 15 1.0 3 5. "16 5 0,t5 .4 34tQ v2.2r

ME-AN 90,5 36.6 50.1 36,2

_S_,.D 1. , 9 i _,.4,_L. . ... .

.77



_DAY ±.A.. .KDN_3i SURVEY NUMHER 3 _

WITHOUT CLSUE ----- WITH CLOSURE

JEREMY OVERLOOK JEREMY OVERLOOK

NUIMBER ANGLE DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 46,0 P3#5 40.0 4o3 46.0 v3.2 40U 4.6

2 52,0 2,5 36,0 .3 51,8 2.6 350b .'

3 5395 4.0 40.5 4,8 u . 4U.U 4.6

4 51.0 1 5 37.5 1,8 50.0 98 3605 1.1

5 46.0 -j,536 0 .3 47.5 -1.7 35,5 .1

6 52.0 2.5 38.0 2.3 52.0 2.8 38#U 2.6

7 50.0 ,5 37.0 1,3 50,5 1.3 37,5 2,1

8 48,0 -1.5 -6.5 .8 48.5 -.7 3/,0 1,6

9 47.0 -2.5 32.5 -3.2. 47,0 22 m2 .32, p2.9

10 46.0 -3,5 33.U -2,7 45,5 P3,7 32,5 P?.9

11 50,5 1,0 33.0 "2.7 50,5 1.3 33.U v2.4

12 52.5 .3.0 q _U 1.3 52 tu 2.4 3b05 1i'

13 47,5 "2.0 33.5 '2,2 46,5 -2,7 3295 .2,9

14 49.5 -.0 33.0 -2,7 49.5 .3 33,U P2.4

15 49.0 .,5 34.5 -1.2 4,5 .- 7 349u .194

16 i010 .5 33.5 "2.2 4 9 , U .2 32, P2.9

MEAN 49.5 35,7 49s2 3504
S.D 2,3 2.5 2.3

78



DAY READINiS - SUNVEY NUMER 32

wTHOtUT CLOSURE WITH GLUSURE

JEREY OVERLOOK JEREMY OVI-RLO0K

,\,IU8_R ANGLE DEv, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 49.5 ,,94 33,5 ,it 49,0 ..,4 33.U *I

2 50,0 *1 3i,5 -1.9 50,0 .6 31.5 -1,4

35 47.5 -2,43.0 2, 46, 1,2'9 35,U 2.1

4 4bO -1,9 28.5 -4.9 47,5 w1.9 28,U w49

5 48,5 j.4 34.5 1,o 48o5 -,9 34.5 1,6

6 51.0 1.1 3.5 3. 550.3 .36.-u 3.1

7 52,52.6 36.0 2,6 51.5 2.1 35.0 2.1

.8- . -2,. 2. 3 .5 51.5 2.1 36.o 3t.

9 52.0 2.. 55 2,1 513i5 2.1 35,U 2,.1

1.0 49.5 -.4 33.5 .I 49,5 .1 33.5 ,b

.1 510 1.1 29.0 4 ,4 50.0 .6 26,0 *4.9

12 '51o 1.1 3.5 -9 .50.5 14.1 3. ..9

13 50.0 #1 36,5 jo1 50.0 ,6 36,5 3.

14 46,5 -3o4 29.5 -3.9 45.5 .3,9 2d,5 .4,4

15 49.0 -.9 31.5 -1.9 48,5 -.9 31.0 .1.9

16 50.5 .6 34.) .6 50o .f, 3-3.5 ,o

MEAN 49,9 33.4 49,4 209
S .D. I b. ,



DAY PEADINGS - SUR .-EY NUMBER 33

tITHDOT_CLQSUHE WITH CLOSURE
JEPEMY OVERLOOK JEREMY OVERLCOK

POSITIQ1_.. ...

NIIMBE3 ANGLF OEV. ANGLE DEV, ANGLE DEv, ANULL DEV.

1 . 2 0-4 35.5 ,3 0 35, /.1

2 47,U -3,2 31.0 -4.2 46,5 w3.3 3U,5 q4.3

3 470 -3 2 365 1,3 46.0 93. 35,5 .7

4 53.5 3.3 638,5 3.3 53.5 3,7 36, 3,7

5 50.0 -,2 36,0 ,8 49,5 -.3 35.5 1/

.... .o 515 .3 5 .u -.12 35o5 .7

7 52.0 1.8 37.5 2,3 51,0 1,2 3095 1.7

8 49,5 -,7 335 .-1,7 49,U -.8 33,U *,8

9 52,0 1,8 38,5 3.3 52.5 2.7 39,U 4,2

10 48.5 -1.7 31, -4,2 48,5 -1.3 31.U .3.8

11 51.0 ,8 34.5 "#7 50,5 .7 34.u ".,

12 tu.0 .2 34 .7 50,0 .2 34,5 .,

13 4b,0 -2,2 34,0 -1.2 47.5 v2,3 33.5 p.,6

14 53,0 2.8 34.5 -,7 52,0 2*2 330 vl.6

15 90,0 -.,2 67 , 5.....2 37.u 2,2

16 50,5 .3 35.0 -,2 5040 .2 34,5 -,d

MEAN 50.2 35.2 49,8 34 b
AS. .. 2 . .



DAY RFADINIS. "_---SRVEY NUMBER 34

WjTHOUTCLOSURE WITH CLOSURE

JEREMY OVERLOOK JEREMY OVERLOOK
POSITInN

NUMBER ANGLE DEV. ANGLE -EV. ANGLE DEV, ANGLE DEV,

1 47O.-1.7 33.0 -,5 46.0 .2.4 32.0 v,2

2 48.0 -.7 32.5 -.10 48.U -.4 3295 -.7

3 50.0 1.3 34.5 1.0 49.5 1. 34,0

4 49,5 ... ,8 37.0 3.5 49.5 1.1 37,0 36.

5 53.5 4.8 38.5 5,0 53,0 4.6 38#U 4.8

6 48.0 -.7 35.0 1,5 48U0 -.4 35.u lob

7 530 4.3 35.o 1.5 52.5 4.j 34,5 1.

8 "9.5 .8 31.0 -2.5 49.0 .b 30.5 .2,7

9 50.0 1.3 32. 0 5 -. U', -106 32,5 .7

10 44.0 -4.7 30.0 -3.5 44.0 .4.4 3U,0 ",2

48.5' .2 34.0 .5 48.5 .1 34.0 a

t2 49.5 8 31. o2.6 -6 3 i - -2,2

13 47.0 -1.7 32.0 -1.5 46,5 -1#9 315 -1.1

14 48.5 -.2 33.0 -.5 48.5 .1 33t.u -.2

45,95 -3.2 34.5 1.0 4 4.5 .399 ,5

1-6 4-bO -.. 32.5 -1,0 47,5 .,9 32U wi.2

MEAN 48.7 330.5 4894 33.2
S t. 2.4 2.2 2.4 26.
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PAY__REAN S__ __$,jkVEY NUMIER 35

._TH.0-V T_.C _LOSQRE WITH CLOSURE
J-EPEMY OVERLOOK JEREMY OVERLOOK

NUMBFR ANGLE DEV, ANGLE DEV. ANGLE DEV, AN (LE DEV,

I 47,5 ,-18 36.5 1,3 47.5 -1.4 36,5 1,7

2 50.5 1.2 36,u ,8 50.u 1.1 ,5595 ,1
3i 52,5 3,2 37.5 2.3 52.0 3.1 3/U 2,2

4 460 -3.*3 4Uso 4,8 45.0 -3.9 39s 4,2

- . 46.5 -2.8 36.0 ,8 46.5 -2.4. 36,u 1.2

6 52.5 3.? 345 -.- 7 52.5 3.6 34#5 -.6

7 So,5 1,2 35, -.2 5..0 1.1 34, -,-,

8 150,0 t7 31.5 -3,7 49.u 91 3U.5 e4,,3

9 49s5 ,2 34.5 -,7 49,0 91 34,u -t

1.0 45.0 -4.3 34,0 -1,2 45,U .3.9 34,U -.,

. 1t A9 .. ,3 33.0 -2.2 48,5 M.4 32. r2.,3

12 49,5 ,2 3.0 -, 2 49,u ,1 3495 -,6

.3 .5 -1.8 35,U -,2 47,5 .1.4 30u ,2

14 52.5 3.2 34.5 -,7 51.5 2.6 33,b ,'.3

15 49.0 -.3 34.0 -1.2 49.u .1 34,U -,8

16 1 10 1.7 36.5 1.3 50,5 1,6 36.0 1.2

MEAN 490 3 35.2 48,9 34
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_DA_ ±R_DI1N S4 C S U.RVEY NVMER 36

1..jTHQur C.OSIlRE WITH CLOSURE
JERE,,Y OVERLOOK JEREMY OVERLOOK

NuJMBFR ANGLF oEv, ANGLE DEV. ANGLE DEV, ANGLE DEV.

1 ., -2.5 36.0 194 47,lU "293 ;369U 1,0

2 50.5 1.O 35.u 94 50*u 7 34,5 1

3 91,0 1,5 37.5 2,9 50.5 1,2 37#0 2,6

4 4bO -1,5 32.5 -2,1 487j ,,,13 32., ,1,9

5 4"7,5 -2,0 34.5 -11 47.1) "2.3 34,U -.4

6 51,0 1.5 33.5 -1.1 51.0 1.7 3o -.5,,

7 52,0 2,5 34,5 -,1 52,u 2,7 34.5 ,1

8 49.5 ,n 34.5 -,1 49,5 .2 34,5 .1

9 52.5 3.0 34.0 F ..6 52.U 2.7 33, .. - 9"

1.0 47',0 -2,5 36,0 1,4 47.0 v2,3 3b,6 1,b

11 48,5 -1.0 33.5 -1.1 48.5 w.e 33.5 -.9

12 50,0 ,5 32.0 -2,6 5Cl ,7 32,U P2,4

13 49.5 ,0 3690 3.4 49.5 .2 38U 3,06

14 49,5 .0 33.0 "1,6 4990 -.3 32,5 p1,9

15 47,0 -2,5 34 --.6 46.5 -*.8 33,5 ,9

16 51.o 1*,5 34.5 -.1 51,0 1,7 3495 *1

MEAN 49,5 34,6 49,3 34,4
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DAYR AONq ..__ S'jRV.EY NUMdR 37

_ _WITHOUT CLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

..POI T ,01
NUMBER ANGLE DEV, ANGLE DEV, ANGLE DEv, ANGLE DEV,

2 50.5 1.3 37.5 3.3 50.5 1.6 37,2 3.7

3 49,5 ,2 3V,# 4,8 49,0 ,1 3d#5 4,/

4 51.0 1.8 37,5 3.3 51,0 2.1 370 3.7

5 48.5 .7- 36,0 1.8 47,5 "1,4 35.0 1.2

6 520 2,8 38.0 3,8 51,t 2.6 37,5 3.7

7 50.0 ,7 32.0 -2.2 50.d 1.1 32#u pl.b

8 47.5 -1.8 29,5 -4,7 47, U 1. y 29.U p4ob

9 47.5 -1.8 32.0 -2,2 47.5 -1,4 32 ,I ,8

10 46.0 -3.3 32.5 -1.7 45,5 .3,4 32,U -1.b

11 51.0 1,8 32.5 -1.7 51,U 2.1 32.5 ej,3

12 4/~-18 30.0 -4.2 47,0 P1.9 2995 r4.3

13 48.0 -1.3 35.5 1,3 4790 -1,9 34,5 1/

14 52.0 2.8 31,! -2,7 51.5 2.6 31,U "2.b

15 48.5 -,7 32,5-i,7 48,5 .,4 32,5 -1,6

16 1.5 2.3 33,O -192 51.U 2.1 32,5 P1.3

MEAN 49.3 34,2 48.9 3,8

S.n. 1.98.
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DAY -RP AQN -S SURVEY NUMBER 38

WIrHnUT CLOSURE WITH CLOSURE

JELpIY OVERLOOK JEREMY OVERLOOK
POSIT T -,4

NUiMBER NGLF EV. ANGLE 0EV, ANGLDEV ANGL.LE "D-v

I 47,u -2.5 3..0 -2.8 47.u "2.3 31.U &2.b

2 51.5 2.0 36.U 2,2 51.0 1." 35,5 1.9

3 48.0 -1.5 37.5 3,7 47.5 ,1.b 3/U 3.'04

4 92,0 2.5 35.5 1.7 52.0 2.6 35.5 1.9

5 49,5 .0 37.0 3.2 49.5 .2 3/.u 3.4

6 49,0 .5 33.0 -.8 49,0 -,2 33 u .,b

7 5 0.5 1.0 34.5 .7 50vu .7 34.0 .4

4 .0 -2.5 33.5 -. 3 47.0 ...2.3 33.5 -o

9 92.0 2.5 32.5 -1.3 51.,5 2.3 32u, -1.0

to 48.0 -15 31.5 -2.3 48.0 -1.3 31.5 r2.1

.. 4V. 5 .0 34,0 , 2 49.0 ,2 33,! -,I

12 47,0 -2.5 31.5 2,3 47.0 *2.3 31.5 "2#1

13 51.0 1.5 33.0 -,8 50,5 i. 32,5 -1,1

14 52.5 3,0 32.0 -1,8 52,5 3.3 32.0 p.eb

....5 { 47.5 -2.0 34,0 ,2 44.0 23 .. . --

16 49.5 t0 34,0 ,2 49.5 ,2 34g0 ,4

MFAN 49.5 3.1.8 49.3 3-,,b

St D.,5 9 , 1A 9
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DAY EADL flS._ =SU1RVEY NUMBER 39

___ T I-I _LhS.DRE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

NUMBER ANGLF OEV, ANGLE DEV, ANGLE DEV, ANULE DEV,

1. 47.5 -2.8 31.0 -4,0 47,5 -2.6 31,U r3.1

2 50,0 -.3 33.0 "2,0 49.5 ",6 3?o5 "'e,2

3 49.0 -1.3 31.5 2.5 49.0 ,Uvi. 375 2.8

4 52.0 1,7 38,0 3,0 51,5 1,4 37,5 2.8

5 46,0 -4.3 34.0 -Io 46,U -4.1 34.0 -,7

6 49.0 -1.3 34,0 -Ito 48.5 11*6 33.5 P1,2

7 2.0 1.7 36.0 1,0 52,U 1.9 36.U 1.3

8 52.0 137 38,U 3.0 51.5 1.4 37.5 2,8

9 93,0 2,7 36.5 1,5 53,0 2.9 3b*5 1,8

10 46,0 -4,3 33.5 -1,5 45.5 m4,6 33,0 .1,7

11 92.5 2.2 37.0 2.0 52.5 2.4 37.U 2.*

12 92.5 2.2 31.5 -3,5 52.5 2.4 310 0-3,2

13 90.0' -. 3 37.0 2.0 49.5 -.6 3b5 1,8

14 92.5 2,2 32.0 -3,0 52.5 2,4 32,0 "2,7

t5 51.0 .7 35.5 .5 50,u -.1 34.! -2

16 50,5 .2 35,u 0 50,5 .4 35,u ,3

MEAN 900,6 35.0 50.1 34.7

S .L . ... ...... . . .. 2,3.. .
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AA E-! EILG N3- StIR'EY NIUM8jE:R 40

.. WITHOUT CLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVtRLOOK

NUMBER ANGLE DEV. ANGLE DEV, ANGLE DEV, ANGLE DEV.

.... .... .2 5' 1,o .4a0 51.8 1.9 3j,9 ,.u

2 50.5 "*1 35.5 1.2 5u,U .1 35ou 1.1

3 42. -2, 34 0 - 3 48,8 - , 1 34*3 .

S4 0 , 36.0 J,7 49.0 ,.9 30,U 2.1

5 . ...4 .5 L , 36,5 2.2 48.5 .1,4 36o5 2.6

6 54,5 3.9 34,0 -.3 53,8 39 33,3 -.6

7 54.5 3,9 3/.5 3,2 5Su 3.1 30,u 2,1

8 48.0 -2.6 31.0 -3.3 47.8 -2.1 3Ub e3.1

9 5.1,0 ,4 32.5 -1,8 50,8 ,9 32,6 rlot)

10 40:6 3o 1.5 -2.8 45,u -,4, 31t5 .2.4

11 50.0 ",6 33,U -1.3 49,5 .4 32,0 "II

12 53.0 2.4 3-. .0 7 52t 8 2.9 3 4. .9

3 49.,- 5 ,i 36.0 1,7 49.3 -. 6 3b.b 1.9

- 4 49.0 -1.6 31.5 -2.8 48.8 -1.1 31.- -2.6

15 48.5 -2.1 34.5 .2 48,3 "196 34.6 .4

16 525 1. 35. 12 518 It.9 34*6 19

MEAN 50o6 34,3 49.9 3309
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DAY QEAINGS __ SURVEY NUMBER 41

. WITHOUT CLOSJE WITH CLOSURE

JEPEHY OVERLOOK JbRF.PY UVtRLOOK
ROSLTLO

NUMBFL ANGLE DEv. ANGLE DEV, ANGLE DEV, ANULE DEV,

1 50.5 1.3 38.5 3.4 50.6 1.4 34.3 .u

53.5 43 6 9 5 3, 3, US. 396

3 45,0 -4.3 30.5 -4,6 44.5 .4.9 3U.U w4.3

4 475 -"18 34.0 -lot 48.5 -9 34,.3 o0

5 45.0 "4,3 39.0 3,9 45,5 -3.9 34, .0u

6 49,0 -.2 36.5 1,4 49.3 -z1 36pb 2.5

7 94.0 4.8 37.5 2,4 53.u 3.6 36.5 2.2

8 48.0 -1.3 34.0 -1.1 48.8 m.6 34. 'D

9 49.5 .2 34,0 -1.1 49.5 .1 34.U -.3

1.0 44,5 -4.8 34.0 -1.1 49,4 -#0 33.5 -,b

11 49.5 02 34.U -1.1 4995 .1 34,0 -.d

12 5U@5 1,3 -34.5 -.6 50.U .6 34.0 -90

13 50.5 1.3 36.0 .9 49,b .4 35,3 1.0

t4 53,0 3.8 33.0 -2.1 53,0 3.6 3jo V1,3

t5 46.0 -30 3 34,0 -1. 45,5 3.9 33o --e

16 52.0 2.8 3b,o .9 51.0 1.6 35ou .

MEAN 49.5 35,1 49.4 34.

8 _ 0 18
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-DAYRE.AINPS. SURVEY NU4bER 42

.w ITHnUT CLOSURE WITH CLOSURE

JEREMY OVERLOOK JEREMY OVLRLOOK

NUMBER ANGLF DEv, ANGLE DEV, ANGLE DEV, ANGLE DEVo

1 52.5 3,0 32.0 "1,8 52,6 3.5 32,3 p1, 7

2 'i,0 I,5 37.5 3.7 51,0 1.7 37#5 3*b

3 46.0 -3.5 32.5 -1.3 4600 03.3 32# 195

4 51.0 1.5 31.0 3.2 50,5 1.2 36#5 2*6

-- 5 46.5 -3,0 34.5 ,7 47,0 "2.3 35qu 1,1

6 49.0 . 31.U -2.8 49.3 90 31.3 1.29*7

7 51.0 1.9 3b.0 2,2 51.0 1.7 36.U 2.1

8 51.5 2,0 31.5 -2,3 51.u 1.7 31.0 P3,U

9 49.5 -.o 3.0 -8 49.5 .2 33 .0 ".

10 46.5 "3.0 31,5 "2,3 46,U m3,3 31.0 "3,0

11 47.5 -2.0 34,0 .2 4795 l.,8 34.0 .U

12 52.0 2, 5 33. o-3 50,3 1.U 3 ,8 -2-2

| 3 I 0 n i.. ..-- 50,3 140 38,8 4,9

14 48,0 -1.5 32.0 -1,8 475 .1.8 31,5 .P2,5

15 49.0 -5 68*0 4,2 49,0 -#3 38,U 4,1

t6 30.5 1,0 33.5 ",3 50.0 ,7 33.U ,9

MEAN 49,5 36.8 49,3 34. 0
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DAY READINGS - SURVEY NUMOER 43

. ITHOUT CLOSURE WITH CLOSURE
JEPEMY OVERLOOK JEREMY OVERLOOK

NUMBER ANGLE DEV, ANGLE DEV, ANGLE DEV, ANULE DEV,

r 0,0 ,0 36,0 2,3 51., 194 3/1 3,/

2 51.0 1.0 34.0 .3 51.0 1.1 34,U .4

3 50.0 ,0 .8 491 .7

4 5005 .5 35,5 1.8 49,5 .4 34.5 .9

5 48.5 -1.5 36.0 2,3 48.8 "1.1 36,3 2.7

6 90,0 .0 32.0 -1.7 49, -*1 310 -I,b

7 52.0 2#0 34.5 ,8 52.5 2,6 3 ,U 1.4

8 49,5 -.5 30.5 -3,2 49.5 .4 3U#5 P3.1

9 92,0 2,0 34,5 ,8 52,0 2.1 Z4, ,9

10 46.0 -40 31.0 -2.7 46.0 -3,9 31,u P2.6

11 50.5 05 33.5 -,2 50,0 .1 34.u -,t)

12 53.0 3.0 33.5 - 2 52,3 2,4 32.b -,b

13 49.5 -,5 33.0 -,7 49.5 -,4 34,u -,6

t4 48.5 -1,5 31,5 -2,2 47.8 -2.1 30,o -2,b
15 48.5 -154; 34 ,5 . . u .

16 50.5 .5 34.5 ,8 50u. .4 3q,3 1/

MEAN 50.0 33.7 49.9 33.b
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PAY REkIN'3S - URVEY NUMBER 44

WI THOUT CLOSUIRE WI TH CLOSURE
JEREMY UVERLOOK JEREMY OVLNLOOK

POS. i L&.

NIiM8Fp ANGLE DEV, ANGLE DEV. ANGLE DEV, ANGLE DEV.

1 94,0 4.0 38.0 3.3 53.5 4.0 3/.5 3.u

2 92.0 2.n 36.0 1.3 51,3 1,6 35#J .d

4,. 50.5 .5 30 1.3 5:1.0 1.5 3b,5 2.

5 49.5 -,5 38.5 3.8 49.5 .u 3d#5 4.U

6 509 0 ..0 3b. 1.3 50,0 ,5 U6u .,

7 50.0 .0 38,5 3,8 49,5 .0 38,U 3.5

6 46.5 -3o5 32.u -2,7 46,5 -3.0 32.0 -2°5

9 5.r4-..-4 31.5 3,2 44.5 .5.0 31#5 P3*U

10 47.0 "3,0 33.5 "1,2 47.0 ,2.5 335 p U1

11 49.5 -. 5 31.5 -3.2 48.5 -1,0 30.5 e4,U

12 5' .5 34.0 -. 7 49,3 -,2 3298 ~j7

13 52.5 2.5 34.0 -. 7 52.8 3.3 34#, -.2

14 49.U -"Lo 34.5 -o2 49,0 -.5 349t *oU

15 46,5 -6,5 34,0 -,7 46,5 -3.0 34o0 -.5

16 52.5 2.5 34.5 -,2 52,5 3.0 3495 -.0

MEAN 50*0 34.7 49.5 34.5
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.A.Y READ.INDS - SURVEY NUMBER 45

wITHOVT CLOSURE WITH CLObURE
JEREMY OVERLOOK JEREMY OVERLOOK

POST4T n;
NtIMHEk ANGLE DEV. ANGLE DEV. ANGLF DEv, ANULE DEV,

1 31,0 2,0 38,0 2,3 51,0 2.2 3d,. 2.4

2 49.5 ,5 34,0 -18 49,5 .7 34,U v1.0

3 44.0 -5,o 32.5 -3.3 44.0 --4#8 3205 e301

4 48,0 -1.0 36.5 ,7 47.3 -I*5 35,b .2

5 50.5 1.5 40.0 4t3 5U.3 1.5 39, 4.2

6 49.5 U5 35,U -.7 49.0 .2 34.5 r1.1

7 90.5 1.5 36.5 .7 50.5 1.7 36.5 9V

8 48.0 -1.0 35.0 -,7 47.8 -1.0 34, -o.

9 47o5 -1.5 32.5 "3.3 47.0 9,4( 32.U f3.b

10 50.5 1.5 32,5 -3,3 5U.5 1.7 32,5 P3.1

11 51.0 2.0 36,u .2 50.0 1.2 35.U -.6

5 49.5 55 35.5 -.2 49.5 .7 35,5 -,

13 8.5 -.5 4U.0 4.3 48.8 .0 4Ut 4,7

14 48.5 -,5 37.5 1,8 48.3 - 3/#3 1.7

15 48.0 -1.0 35.0 -7 46.0 8 .. 35,0 -,6

1.6 49.0 s0 35.5 -,2 49,0 ,2 35.5 -,4

MEAN 49.0 35.8 48*8 35*,

.S,__,_~.-- . . .... 1,7 2 4
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DAY RE-AD-INGS -- SURVEY NUHUER 46

_... THOVT ZLOS'JHE WITH CLOURE
JEPEMY OVERLOOK JEREMY OVERLOOK

NJUHBPR ANGLF DEV. ANGLE DEV. ANGLE DEv, ANGLE DEV.[ 1 52.0 2,1 39.0 1,5 51,5 IH 38,5 1.2

2 54,5 4,6 38-0 ,5 54,5 4.8 38,0 .

3 50.0 *1 39.5 2.0 49,5 -.2 39u- 1.7

4 49,5 -94 P3,/5 -. 0 49,8 01 3'/,1 .5

5 47.5--2s4 39.0 1,5 47.0 ,2.7 36,5 1.2

- 48.5 -1.4 3 7. -.5 48.5 l,.2 3/,0 -.6

7 49.5 -P.4 35.0 -2.5 49.5 .s2 3t.U -2.6

8 50.o 1 35.5 -2,0 4918 .1 35.3 P2.u

9 48,0 "1,9 38.0 .5 47.5 ,2.2 37.5 .2

10 53.0 3.1 40.0 2,5 52.b 3.1 39,b 2,!

1.. 48,5-1.4 36.5 -1.0 47.6 -2.4 35.6 "2.

12 45.5 -4.4 38.0 .5 45.8 P3,9 3603 1.0

13 1. 1.1 35.5 o2. 51*3 1.6 359b rl.

14 -49.5 -,4- 3900 1,5 49.5 v#2 39,u 1.7

5 52,0 2,1 3/.o .95 .5i- 2.1 - 36,b -. 5

16 490-.9 36.0 -1.5 48,8 -. 9 35.b P1.5

MEAN 49.9 37.5 49.7 37.6
_ .2.2 1.5_ 1.2 ...... 5
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DAY PEADIN -S SURVEY NUMiER 47

IT H-fvT CLOSU)8E WITH ULOSURL
JERhMY OVERLOOK JERF1MY UVLRLOOK

NUM rR ANGLE UEV, ANGLE DEV. ANGLE DE\, ANGLE DEV,

1 46,5 -1,8 38,5 2,8 46,5 "197 36,5 299

2 49,0 ,7 35.5 -.2 48s5 63 35fU -.6

3 4,5 -1,8 35.5 -. 2 46,5 -Je7 3b.9 -..

4 4. .7- 35.5 -.2 48..J 01 34,8 -.b
5 47.5 -,8 40,0 4,3 47,U "1.2 39,5 3,9

6 46,0 "2.3 33.u -2Y- 46.U -2.2 33,U r2.6

7 46.0 -2,3 34.U -1.7 4b,0 "2.2 34,U -1,b

8 45.5 -2.8 34.0 -1,7 45.5 "2.7 34.U pl.b

9 5.5 3.2 38.0 2,3 51, 3.3 36,U 2.4

to 48,5 f2 33.5 -2.2 48,3 .1 3J,3 "2.3

1.1 48.5 . 39.U 3.3 48.5 .3 39.U 3.4

12 51.5 , 6 36.5 . 8 .5 3.3 36. .9

-13 - 49.5 1,2 34.5 -1.2 49.5 1.3 34.5 -I.Z

14 49.0 ,7 34.5 -1,2 49,5 1.3 3,0 u ,6

15 48.0 -. 3 34.0 -1.7 47,5 -. 7 . 3oP,- 2,1

16 51.0 2,7 34.5 -1,2 51.3 3,i 34,b -

MEAN 4 .. 35.7 48.2 3506
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_D!_YREADINGS - SURVEY NUMBER 48

.ITHnUT CLOSJRE WITH CLOSURE
JiRtMY OVERLOOK JERFMY OVEHLOOK

NUM8R ANGLr DEV, ANGLE DEV. ANGLE DEv, ANGLE DEV,

1 46.0 -1., 33,5 -.2 45,5 "2.1 33,0 -,6

2 90.5 2.8 35,5 1.8 50.3 2.7 35.3 1.7

3 47.5 -,2 37.0 3,3 47#5 -,1 3/,U .3.4

4 46,5 -1.3 32.5 -1.3 46*U "1,6 32tU -1,b

5 47,0 -,7 35.0 1,3 46,b ".b 349b l.2

S 43,0 -4--1, 43.3 -4.3 32, 1 , 6

7 48.0 .2 36.5 2,8 4890 .4 3b,5 2.9

8 49.5 t,8 32.5 -1,3 49.5 1.9 32.5 "I,1

9 45.0 -2*8 31.0 -2,8 44.8 -2,b 30.b m2.b

10 47.0 -.7 32,U -1.8 47.U -,6 32,U 1.b

11 49,0 1.3 34,5 .7 48.8 1.2 34.3 ,1

12 91.0 313 !bU 2.3 50,:o 2,9 35.5 1.9

13 48.() .2 32.0 -1,8 47.d .2 31.0 pl.b

14 49,0 1,3 34,5 ,7 49.0 1.4 349! ,9

15 46.5 -1.3 33.0 -,7 47.0 -,6 33,5---.1

50,5 2.8 32.5 -I.3 50,5 2.9 32,5 pl,.

MEAN 47,8 33,8 47,6 33*0
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DAY READLN3S -SR.Y NUMdFR 49

__I.Th-_T_CLQSURE WITH QLObURE

JEREMY UVERLOOK JEREMY UVERLOOK

PUSTIr. T__

NUMBER ANGLe 0EV, ANGLE DEV, ANGLE DEV, ANGLE DEV.

1 50,0 1.7 37,5 2.4 49.6 It 3d 2.4

2 48.5 52 35p0 . 48t3 .1 34t -. 1

3 5195 3.2 37.0 1,9 5... .5 3.4 S/.u 2o1

4 48,0 -.3 32,0 -3,1 47,5 -,b ;1 5 -3.4

- 45,0 -3,3 34,9 -t6 45.5 -2.7 35o0 .I

6 46.5 -1.8 3. 3.6 46. mt 7 31.5 "3.4

7 46.0 -2,3 36.5 3,4 46.3 -.1. 3d0b 3,9

8 4b,0 -2.3 31.0 -4,1 45,b -2.4 3Ub "4,1

9 4990 .7 34.0 -1.1 47.8 .#3 32, v.2.1

10 49.0 ,7 33.5 -1,6 48,3 .1 32,0 P2,1

11 53o0 4,7 3bO 2,9 53,U 4,Y 3dou 3.1

12 45 .2 . f 33.0 -2,1 4 5.0U -3.2 32o5 2

---13... 47.0 -1.i .35.0 -.1 47,u "1*2 35.U .1

14 49,0 .7 38,0 2.9 48,3 .1 3/,3 2,4

15 48,5 .2 36.5 1.4 46',t 8 6 bo i,9

16 51. 0 2.7 36,0 ,9 51,U 2.9 36,U i.1

MEAN 48,3 35.1 48.2 34,9
SD, 2,3 2. 4 2,3 .. 6
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DAY _ ! NqS SURVEY NUf4BER 50

WITHOUT CLOSJRE WITH CLbURE

fJEPEtY OVERLOOK JEREMY OVERLOUK
POSI1T InD
NiMFBPP ANGLE )Ev. ANGLE DEV. ANGLE DEV. ANGLE DECV.

1 50.5 1,3 34.u .0 5U.U .d 39,u 4.b

2 51,5 2,3 34.i .11 51.5 2.4 34,U -.2

3 46.0 -.33 33.5 -.5 46.i ,3.2 3,.5 .7

4 47.5 -1,8 33.0 -1.0 49.U -.I 34, .5

47,U -23 33.5 -.5 46,5 L2,7 36.tU j.2

6 47.0 -2,3 5u 10 - 45.8 .3,4 33,8 -4

7 49.0 -.2 36.U 2.0 49,5 .3 369! 2.4

8 45,5 -3.8 32.0 -2.0 45.8 m3.4 3294 p1.9

9 5i.0 1.8 31.5 -2.5 50.5 1.4 31.0 , 32U

1U 44,5 -4,9 33.0 -1.0 44,5 P4,7 36.u rl*2

11 51"0-0 9 35.0 1.a 5 UU 18 34.U -#2

253.5 4.3 3~o10 5.3 ,u 3.9 3 4,t5 03

t3 90.5 1.3 35.0 1.0 50.3 1.2 34.8 #6

14 91.5 2.3 35.0 1,0 51.5 2.4 35,u 'd

15 49.0 -,2 35 5 1.5 49.5 .3 3,U0 1,

j6 53.0 3.8 32.5 -1,5 53.u 3.9 32.5 &i1

MEAN 49.3 34.0 49,2 34.2
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NIGHT J._.___SJIRE NUMBER 1

'LITltOAJLCLOSRE WITH CLOURE
JERt:IY OVERLOOK JEREMY OVERLOOK

P- n_5_T_ T I.n.N. . . . . .. .

NUMBR ANGLE DEV, ANGLE DEV, ANGLE DEv, ANULE DEV,

1 49.5 1.2 37.0 3.8 50.3 1.6 37.b 4,2

2 49.5 1.2 33.0 -92 50.3 1.6 33.b .2

3 49.0 v7 34.0 .8 48.0 w.7 3doU -,b

4 49o5 192 34.0 .8 50.3 1.6 34.b 1,2

5 46.0 -2,3 35.5 2.3 45,8 m3,0 35.3 1.

6 44.3 -3.8 33.5 .3 44.5 -4.3 33.5 -4

7 51.0 2,7 34.5 1.3 51.0 2.3 34,5 .9

8 44.0 -4.3 J1.5 -1.7 45.3 .3.b 32.8 -.b

9 50.5 2.2 32.5 -.7 51. 2.b 3j,3 ..0

to 45,0 -3.3 31.5 -1,7 46.3 m2,5 329b -.8

11 4o,0 -.3 26.5 -4.7 49.5 o7 3Uou 3.6

12 50.0 1.7 33.1) -,2 50z8 2.1 33,b .2

13 47.U -1,3 33.0 -.2 47.5 -1#3 33.) -.1

14 52,0 3e7 32.5 -.7 52.3 3.e 32.8 -..

S8.95 .2 36.5 3.3 49.u .2 3/iU 3,4

16 49sU .7 3U.0 -3.2 47.8 -.9 2db P4,8

MEAN -'8.3 .33.2 48,8 3J,0

.. 4 2. 2  _ _.
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NI.'_'HTEA D.ING$ . S... uRVEY NUMBER 2

* __- XT1OUT COSURE ~ WITH CL~bUR%

JEREmY OVERLOOK JEREMY OVERLOOK

NUJBER ANGLE I)EV, ANGLE DEV, ANGLE DEv, ANGLE DEV,

1 48.0 1.5 37.0 4,3 4b.3 .4 3t'.6 3.3

2 49.0 2,5 35.0 2,3 48,3 2.4 '34,6 2.6

6 47.0 .5 31.U -1.7 46.U .1 30,u -2.u

5 46.5 -t0 3405 1.8 44.8 q.1 329c

6 45.5 -1.0 32'0 -.7 45,8 -1 .3e ,6

7 47. 1. 33.0 .3 47,0 1.1 3; t .5

8 45,0 -1.5 32.0 -,7 44,5 !,14 31,5 -. 5

9 5u.5 4,0 31.0 -1.7 50.8 4.9 31.3 -. /

10 43,5 a3.0 32.0 -. 7 43,5 -2.4 32#U -. U

11 45.0 1-) 33.0 .3 43.5 -2.4 3. .

12 47.5 1.0 30.5 -2,2 47.0 1.1 30,u -2.U

13 4 4. .- 2,5 33.0 .3 42.6 "3.1 319d -02

14 47,0 ,5 32.0 -,7 46,0 .1 31.U !.U

15 47.5 1.0 34.5 1.8 46.8 . 36.b 1.

16 470 ..5 31.5 -1,2 47.3 1.4 . ,. -.2

MEAN 46.5 32,7 45.9 32,U
_ 9 1.6 2.1 1.5
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N i- QEAPI 1Nr3S -SI)RVEY NUMBFER 3

.IT HT .LoSUHE WITH CLOSWRE
JEPEMY OVERLOOK JEREMY OVEHLOUK

PQSL.TfL ... ......

NJlMbEz ANGLE DEV, ANGLE DEVI ANGLE DEV. AN(LE VEV,

1 49.0 .2 35,5 .3 483 .3 34,0 4

2 49.0 *2 35.0 -. 2 48.8 ,b 34, .l

3 48.5 -.2 33*0 -2,2 47. -.2 3?.6 r2.1

4 49,5 .7 3600 .8 48.5 .5 35.U .

5 53,5 4.8 31.5 2.3 52.5 4.5 66.5 2.1

6 9210 3.3. .38.5 313 1 38 38. 3.9

49. 15 o7 35.5 ,3 48.3 .:5 34,3 -.I

8 46.5 -?.3 35,5 .3 46.U "2. 35.u .o

9 46,0 -2.8 34.0 -1.2 44,3 "3.7 32.6 P2.1

10 46.0 -2 8 33.0 -2.2 45.0 m3.O 320 -2.4

1 50.5 1.8 36.5 1,3 49.8 1.8 3bd 1,4

12 50.5 1,8 37.U 1.8 .. 10J -9, 1,9

13 49.0 .2 34,0 -1.2 4b.5 .5 34.5 -.9

14 49,0 .2 3b.5 1.3 48.3 .3 3 .b 1,4
5 47,5 ., 3S9o 22 46,5 .j,5 32,u .2.4

16 4 -4.8 33.0 -2.2 43.3 4.7 32.3 p2.1

MEAN 48.8 35.2 48.0 34,4

slot 2.4 1.8 . .. . 5
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NInHT c.?iNGS - SORVEY 1NUMBER 4

.ITHOUT CLOSURE WITH CLOSURE
JEPEmY OVERLOOK JEREMY OVERLOOK

POSITInN
NUMBEP ANGL )EV. ANGL-F-EV. ANGLE DEV. ANGLE DEV,

1 "" 47.5 -.2 33.5 -,1 468 .'1 328 w.4

2 49,5 1.8 34,5 .3 48, j1b 3j.o b"

3 47.0 -. 7 34.0 -.2 4595"-1 .2 32t5 -.

4 .46.0 -1.7 33.0 -1.2 45.0 .1,7 32.U W162

5 48.0 .3 33.5 -.7 47. .3 32t5 .7
6 50.0 2.3 35.51.3 -9.5 2.4 -9,s .5

7 49.0 1,3 31,5 -2,7 47,8 i,. 303 P2,9

5 46.0 -1.7 36.5 2.3 45.13 1.4 35,b 296

9 50.0 2.3 34.5 .3 48,8 2.1 33.3 .1

10' 43,0 -4,7 34,5 ,3 423 e4,4 34.b -6

1. 45.5 "2,2 30.5 -3.7 44.5 "292 29,5 r30/

12 49.0 1,3 32,5 "177 48.3 1,6-31#86 p194

13 49,0 1.3 35.0 .8 47.U .3 34.0 -. 2

14 50.0 2.3 38.5 4.3 48.8 2.1 37.3 4,1

15 46 . 08 37.5 3,3 48.0 1.3 3/,0 3,8

1b 45.0 -2.7 32.5 -1.7 44,5 i2.2 32oU V102

MEAN 47./ 34.2 46.0 33.2

,n. 2.1 2.1 _
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NI0HT READINGS SURVEY -UMBER 5

wITHOUT CLQ-SJRE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVbRLOO

POSITInN..

NUMBER ANGLE DEv, ANGLE DEV. ANGLE DEV, ANGLE DEVi,

1 wo .- 48,3 -.b giso -4

2 47.5 -2.4 35.5 2,9 465 r2.6 34,5 2.7

3 51.5 1,6 34.5 1,9 50.5 1.4 3,5 j,7

4 53,5 3,6 36,5 3.9 52.5 3,4 35., 3.7

5 50,0 .1 35.0 2.4 49,3 .2 34.3 2.5

6 54,0 4,1 31.5 -1.1 5.8 4.7 31., -,b

7 54.0 4,j 34.5 1,9 53.3 4.2 3-3b 2,0

8 49.5 -t4 32,0 -. 6 49,0 ".1 31,5 ".6

9 48.0 -1,9 29.5 -3,1 47,3 j.8 26,8 U.3.

to 45.5 -4,4 30,5 -2,1 44,6 n4.3 29*b P2,0

11 50.0 #1 33,0 .4 49,U -.I 32.U 2

12 48o5 -1,4 29.5 -3,1 4893 -. l 29,6 .2.5

t3 49,5 .,4 32.0 -.6 48,3 moB 3uto r..U

14 47,5 -2.4 30.0 -2,6 46,8 -2.3 29,3 1-2.b

15 48.5 "194 3195 -1,1 47.3 .i. 30,3 1.!)

16 51,0 1#1 34,0 1,4 50.0 .9 3S,0 1.2

MEAN 49,9 32,6 49,1 31,b

SOD. 2.2 215 2.1



-NIGHT PEADINGS - SUREY NUMBER .6

_ ___ 'THOUT CLOSURE WITH CLOSURE

JEREMY OVERLOOK JEREMY OVERLOOK
iPOSITTtPN___

NINMhPP ANGLE DEV, ANGLE DEV. ANGLF DEV, ANGLE DEV.

1 4b.5 3,3 U - u .,a 46,5 2.1 Q

2 49.5 43 32.5 .5 48.8 4.3 31. q

49.0 3.8 J3U 0..47, 3.3 31, .4-

4 44.0 -1.2 29,5 -2.5 43.0 ,i.5 28,5 2*.9

5 47.5 2.3 35.5 3,5 47,U 2.5 35.0 3.b

6 49,0 3sA 3.3.0 Io 48.3 3,8 32. .9

7 47.5 2.3 32.0 -.0 47,3 2.8 31,8 .4

8 44.5 -.7 29.0 "3.0 44. -. 2 2b v2,o

9 2O32 s- e41,8 *2.7 aiw 4 -W-0

110 41.0 -4.2 29.5 -2,5 40.3 w4,2 28.8 *2,b

11 44,0 -1.2 31.0 "1.0 43,5 "1.U 30.5 -.9

i- . 4 4.7 29.0 -3.0 40,0 -4.5 28*5 p2.9

13 42.5 -2,7 34.0 2.0 41.3 "3.2 32,8 1.4

14 48.5 .3 35.5 3.5 48,3 3.8 35,3 3.9

- 15 44 5 7, 3 19 o 43,8 - 7 4

16 40.5 -4.7 3,.U 1.0 39.8 %4.7 32,3 .9

MEAN 45.2 32.0 44,5 31,#4

Sit) 3.6 2.1 3.2 2.1
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1

NIGHT READINGS - RVLEY_ N_ _

WI THOUT AUR.F .- WITAC.LJVURE
JEREMY OVERLOOK JEREMY OVERLOOK

NUMBER ANGLF DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

49,0 1.3 36.0 4,6 4800 ,e 35,0 4.4

2 49.5 1.8 32.5 191 48.,8 I.,6 31.8 1,2

3 47,0 -.7 32,0 v6 46,0 -1.2 31,0 .4

4 45.0 27- 29.0 *2,4' 44t0 e3.2- 28,0 ,2,6

5 45.0 -2,7 32,0 .6 4490 m3 ,2  3jv0 ,4

6 51.0 3.3 35,0 3.6 50.5 3.3 34,5 3v9

7 52 0 4.3 33,0 1.6 51,3 4.1 32.3 1.7

8 50.5 2,8 31 5 91 49.5 2.3 30,5 -,1

9 47.0 -.7 32.0 .6 46.0 .2 31t0 04

10o 47,7 - --- 27.,0 w4,4 47'a F10 2698 *3#8

11 4390 -47 25-- -2,9 47b -,0 27S3 3,3

12 47.5 ".2 28.0 "3,4 46.8 v.4 27.3 .3#3

13 47.5 -.2 35.0 3.6 47.0 , .2U 34.5 3,9
J4 44,5 "3,2 29.0 "2.4 43.5 p3,7 28.0 .2,6

15 49.5 1,8 31.0 -,4 48.8 1.6 3093 v93

16 47.5 -,2 3185 ,1 47,0 .,2 31,0 .4

MEAN 47,7 31.4 4792 306
.n. 2.5 2.6 2s 2l6
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I

-NIGHT PADTNGS - SURVEX.JMBE 8

WITH!OUTCLOSURE WITH ULOSURE

JEREMY OVERLOOK JEREMY OVERLOOK
PORITION
NUMBER ANGLE DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 50.5 .9 37.5 3,8 50,3 1,6 37, 4,4

2 52.0 2.4 36,0 2,3 51,3 2,6 35,3 2,4

3 47t5 -2.1 31.0 .2,8 4695 92.2 30.U02.9

4 50.5 .9 35.0 1,3 49,5 l8 34.0 1.1

5 45.0 -4,6 34,0 .2 44.5 w492 3-30 ,b

6 52.0 2.4 36.0 2,3 51,02.3 3!,U '2.1

7 50,0 .4 30 v398 49.0 .3 29,0 .3.y

8 50.0 .4 32,5-1.3 49,0 .3 31,5 .1,4

9 48.5 -1.1 30,5 -303 4. . 30'0 '2,9

1O 49,0 o,6 31-.0 "298 48.0 v,7 30.0 .2.9

11 46,5 -3. 30.5 "3,3 45,8 "2.9 29t8 .3.1

12 48,5 -191 32.0 1.8 47,8 w.9 31.-5 .1,b

13 48,5 -1,j 32,5 1,3 47.9 'i,2 31#5 .1,4

14 51.5 1.9 36,5 2,8 51,0 2,3 36oU 3,1

j5 53.0 3.4 37,0 3.3 520 3.3 36,0 3,1

16 500 i4 380 4,3 48,* w.2 36,5 3t6

MEAN 49,6 33*8 48*7 32,9
sons 2.1 2.8 2.1 . _-.
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NIGHT READINGS - SURVEY NUMBER 9

WITHOUT CLOSUHE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

Pnq!TlnN

NUMBFR ANGLE DEV, ANGLE DEV, ANGLE DEV, ANuLE DEV,

1 45,0 -2.7 33,0 ,5 43,d r3,3 31,tb -.2

2 49,0 1.3 34,0 1.5 48,8 1.7 3jb jb

3 50,9 2.8 31.5 -1.0 49,8 2.7 30,8 p.o

4 49,0 1.3 J5.5 3.0 49,0 1.9 35t5 3.5

5 48;0 43 35,5 3,0 47.3 .2 34,b 2.8
6 47.5 -,2 0....-5 -2,0 47,5 .4 31,5 .lb

7 47o0 -.7 33.0 .5 46,5 -,6 3215 ob

8 46.0 "-17 30,0 *2,5 45,0 v291 29U P.,U

9 46t5 "1.2 30,5 -2,0 46,0 ,1 3000 e2,U

±0 45s, -9.7 30.5 -2.0 44,8 "293 3t',3 r1.7

11 45,0 -297 29,0 "3.5 44,0 -39,1 28,U 4,U

12 49,5 1,8 285 -4, 0- 48,8 1,7 2/,b , p4.

13 500" 2.3 37,0 4,5 49,0 1.9 3(,0 4,u

14 49,51,8 33.5 1,0 48,8 167 329b ,8

15 46,0-1.7 33,51, . 45,8,1,3 33,3 1.

J6 49.0 1.3 34.5 2,0 49,0 1.9 34.5 2,5

MEAN 47,7 32,5 47,1 32.0

S D, 1,9 .2,5 _ 2,0 2

I i__i
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NIGHT RPADINGS SURVEY_-_NUm3_R 10

Wj-4THUTCLUYAE _ _1TH L i
JEREMY OVERLOOK ,JEREMY OVERLOOK

NUMBER ANGLE DEV, ANGLL DEV, ANGLE DE.Vt ANGLE DEV,

147.0 -. 1. 13' 4 6,3 o#6 30e8 v1.5

2 50,0 2,6 34.5 17 49,95 2.6 34,0 1,7

3 48,0 o6 34.0 1.2 4719 .6 33*5 1,2

4 52.0 4,6 33.5 .7 51,0 44 32,0 .2

5 44.5 -2,9 32,0 .,8 44,5 .2.4 3290 o.3

6 49,0 1.6 34, 1,2 48,0 11 33.0 .7

748,5 l.e. 31.0 1,8 47,8 .9 3003 w290

a 4 7. , .00, 23 463 6 29,8 .2,5

9 46,5 -s9 33,0 ,2 46,0 ,,9 32t5 ,2

10 43.0 -4#4 32,0 -#8 42,8.P4.1 31,8 w#5

11 45.5 -1.9 31,5 P1.3 45,0 .1.9 310.1vit

12 45.5 $,19 31.0 "1,8 45,3 .1.6 30.8 91#5

13 45.0 -2,4 35.5 2.7 44,3 .2,6 34,8 2,5

14 50,5 3,1 31.5 "1,3 5000 3.1 31aU w1,3

15 48,5 11 37,0 492 48.3 1,4 3616 4o5

16 47.5 .1 32,0 -8 47, ,6 32,0 w.3

MEAN 4794 32#8 46t9 32,3
S.f. 2.4 1.8 2.2 18

-1OL7



NIGHT PEADINGO_-._ SURVEY NUMBER 11

. ITHOVT CLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

_EJ0_±InN
NUj.M8F ANGLE DEV. ANGLE DEV, ANGLE DEv, ANGLE DEV,

1 44,5 -3.7 31.5 ",3 43,8 m3o2 30.8 ".5

2 45,0 -3,2 27.5 -4.3 43.8 "3*2 26,6 m5.U

6 47.0 -1,2 32.5 t7 46.5 -.5 32.u ,7

4 48.0 -.2 32.0 .2 48.0 1.0 32.u ,I

5 4790 -1*2 34.5 2,7 47,U ,u 34,5 3.2

6 4b-J 29.0 -2.8 42.5 "4.5 29,0 -2,6

7 ).,0 2,8 31.0 -,8 50,3 3.3 3Ue, P.,()

8 47,5 -,7 3U,5 -1,3 46,5 ".5 29,5 P1,8

9 50,5 2.3 34.0 2,2 49,5 2,5 36,U 1,7

1,0 A-...--n 3,.5 -,3 42,5 m4,5 31.5 ,2

i1 90.5 2.3 31,5 -.3 49,3 2,3 3U,6 P1,0

92 0.0 1.8 4. 292 49,5 2.5 33,5 2.2

13 49,0 .8 35.5 3,7 48,8 l,b 35,6 4.0

14 50.0 1.8 30.5 -t.3 49,3 2.3 29,d 71,5
15 46,0 -2.2 35 .7 "45,5-i5" 3,U 1.7

16 49,0 .8 30.0 "1,18 48,5 1.5 29,, -1.8

MFAN 48,2 31.8 47,0 31v3

1 2 ,



NIGHT PEADtNGS - S:IRVEY NUMBER 12

'4ITHOUr CLOSURE WITH CLOSURE

jEkMY UVERLOUK JEREMY OVRLOOK

NltMFR ANGLF -EV, ANGLE DEV, ANGLE DEv, AN(LE tIEv,

46,5 -I,7 34.5 ,8 44.5 n391 32.5 -. 0

2 50.0 1.6 36.U 2,3 49.6 2.2 35.6 2./

3 - i,5 33 . 34.5 ,8 51,3 3o7 34.J- i,2

......4 . 47 5 -. 7 37.5 3,8 47.0 - h 3 7. 3.9

50 O. 1,4 36.5 2,6 50.5 2.v 3/,U 3.9

6 46,.0-2 3Z. 5 -1.2 'f4.5 T-3.0l 31. -P.

7 49,5 1.3 34.5 , 48,b 1.2 33.6 ,7

... ..46,0 -2.2 31,0 -2.7 45.5 02.1 305 v2 ,

9 49,51 .3 32.5 -1.2 49.- 1.4 32.0 ,1.1-

10 47.u -1,2 29.5 -4,2 47,U -,6 29,5 .3,6

U 4 5.U -3.2 33.5 -,2 43.5 P4.1 32,U P191

12 50.5 2.3 33. -2 u 2,4 3,f -. 1

3520 T 308- 3. 5 1.8 5 1 tu 3.4 34 p' 1.4

.14 46,0 -2.2 33.0 -.7 45.5 .2,1 32,5 -,b

iS 46.0 -2 2  30,0 -3 7 45.8- "1. 290 p3 -

164 3 35.0 1.3 4198 .2 34#3 1.2

MEAN 48.2 3J,7 47s6 33.1
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NIGH]T PADING$ -5SI.RVEY NUMBER 13

WI-THIUT CL.OSIJRE WITH C'.OSURE
JEPtMY UVERLOOK JEREMY OVHLOOK

N'IPbER ANGLE DEV, ANGLE DEv. ANGLF DEv, A1N(Lh DEV,

1 45,5 -2.5 32,5 -,7 44.0 ,3v5 31,U Pi.7

2 49.0 1.0 34.U ,8 48,5 1.0 33,5 .8

Is 52.0 4,0 34.0 .8 51.5 4.0 33.5 .8

4 . 48,5 15 350 1,8 48,8 1.3 3594 2.6

5 .4-8 - .0 35.u 1.8 48,* i.o 35,5 2,

6 48.5 .5 31.0 --22 46.8 -.7 29,o .3,4

7 48 .0 wo0 33.0 -.2 47.5 .0 32.,5 ,,2

8 46.5 -1,5 34.5 1.3 45.5 -2,0 33.5 .8

9 47.5 ",5 31.0 -2.2 47.8 .3 31.5 e..4

10 479,0 -1,90 31. 0 -2.2 46#8 -.e7 30. U 11,9

11 44, -53.5 31.5 -1,7 44,u ,3.5 31,0 .1.,

12 0,5 2.,5 32.5 -,7 49.5 2,0 31,5 P1,2

t3.. 2.0 36,0 2,8 49.5 2.u 35.5 2.8

14 48,5 5 33.5 .3 47,5 .t 32, -. 2

S 4.5 -2.5 32.0 -1 . 45.5 ,2.0 320 *-.7

16 49.0 1,0 35,0 1,8 48.1) .5 34, 19.5

MEAN 48,0 3.3.2 47.5 320/
)20 1 .6 2,0l
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kI SPIL P E 1! N - SIJHVEY 1IUMH3-H 14

,.,1THnUT CIOSVRE WITH GLOSUR

JERcMY OVERLOOK JEREMY OVERLOOK
._PP SL N ... ...

NU'3ER ANGL- DEV, ANGLE DEV. ANGLE DEv, ANGLE DEV.

1 47.0 -t,6 33.5 -1,7 46,3 r2,2 32,0 P1.9

2 48,0 "96 33.5 -1,7 48.0 "#5 36.5 "le

3 52,0 34 38.0 2,8 51,0 3,3 3/, 3.1

4 49.0 *4 36,u .8 48,U "95 35.U .3

5 48,5 ..1 37.0 1, 47,3 wl.2 35s, j.1

6 49.0 .4 32.0 -3,2 48.8 .3. 31,d 2*9

7 ,0iU 1.4 36,0 ,8 49.8 1.6 350b 1.1

8 48,0 -,6 31,U -4,2 47,6 *.7 3Ub .39'

9 48.0 -.6 34.5 .7 47,5 "IO 34,U -. /

10 45,5 -3,1 34.5 -,7 45,3 "3,2 34.3 -.4

11 49.0 .4 36.0 ,8 48,3 9,2 3506 ,b

12 S0,5 199 37.0 1.8 49.b i,3 36,0 1.#b

13 4b.0 -.6 370 1,8 47,5 m1,t) 36, 1,b

14 44,4 .,Q 38.5 3.3 52.8 4,3 3/0, 2,O

15 47.0 -1,6 33.5 -17 .. 46,d -1.7 3.3,6 1.1

lb 50.0 1-4 34.5 -. 7 49,8 1,3 34.6 -.4

MEAN 48s6 35,2 48.5 34,/
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NIGHT PE ?DINGS SURVEY NUMBER 15

wITHOUT CLOSURE WITH CLOSURE

JEQE.1Y OVERLOOK JEREMY OVERLOOK

NUMEPR ANGLP ]EV, ANGLE DEV, ANGLE DEV, ANI LE DEV,

1 46.0 -3,3 3U,0 -2,6 46.U -2,9 30.U -2,1

2 49.0 .,3 32,5 -, 48.0 v.9 31.t -,b

3 47,0 -2.3 35"5 2.9 47,0 "1.9 3545 3,"

4 50,0 .7 34,5 1,9 49.0 .1 33.! 1.4

5 5u#5 1.2 34.5 1,9 50.0 1.1 34.0 1.9

6 5295 392 3b.5 3.9 52.5 3*6 -~36*5 4,4

1 54.0 4,7 35.5 2.9 5,3.u 4.1 34t5 2.4

8 0.0 ,7 32.0 -,6 50,U 1.1 32.u -,1

9 46,0 -3.3 28,5 -4*1 46.6 "2.1 29. 2-8

10 46.0 -3.3 29.5 -6.1 46.U m299 29'.' rb

11 49,0 -,3 ?9,5 -3.1 490 .I 29.5 .2.6

12 49,0 -,3 29.0 -3.6 48,0 -9 26,U -4.1

13 48.5 -.8 34,0 1.4 48.5 -,4 34ou 1,9

14 52,0 2.7 34.0 1.,4 51.0 2.1 34,0 .9

15 47.5 -l.8 32.5 -,1 46.5 -2.4 31v5 -.6

16 52.5 3,2 33.0 .4 51,5 2.6 32., -.1

M-fAN 49.3 32,6 48,9 32.1

2 2.4

, l. .,



NIQHT PiADINS SORVEY NUMBER 16

kITHOUT CLOSURF WITH CLOSURE
JEptMY OVERLOOK JGREMY OVERLOOK

NUM BER ANGLP DEv, ANGLE DEV. -- ANGLE DEV, ANGLE DEV,

1 49.5 .6 38,0 4,8 48,8 .3 31, 41?

2 49,Q ,1 34.5 1.3 49, ,U 5 34,7 1#4

3 47,5 -1#4 34.0 .8 46,5 -2.0 3a.U -.1

4 453.0 4. 52.0 3.5 38sU 4.9

5 . . 53.0 4,1 3. 2.8 53.0 4.5 36,u 2,9

6 48.5 04 3U0 '2 48 0.7 29*4 P3.8

7 49,0 1 29.5 -3,7 49,U ,5 29.5 P3,6

8 46.5 -2.4 29.0 -4.2 46.5 -2.0 29,0 w4.1

9 47,5 -1.4 -32.3 . 4695 e,2 .-D ~ p.

10 47,0 -1,9 31,0 -2,2 47-0 "195 31.U -2,1

11 45.5 -3o4 31.5 -1,7 45.0 -3,5 31,0 .2.1

12 48.0 -.9 300-3.2 48,0 ".530.0 .3.1

13 50.5 1.6 35.5 2,3 49.5 1.U 34,5 1.4

14 49.5 .6 31.0 3i8 49.5 1.1 37.0 3,9

15 51.0 2.1 36.U 2.8 50.5 2,0 35o5 2,4

16 47#J -1,9 33,0 -o2 47,U 1.5 33,O -,X

MEAN 46.9 33.2 48,5 33t1
.-.2 - ,- 2

-- ----------



t

-NILH._EDIQ.S - _S.URVEY NUMBEH 17

K0L-_T _ L SVHE W CISTH (LURE
JEREMY OVERLOOK JEREMY OV RLOUK

p0 ' _ T !n r ... . ......__

NIJMBPR ANGLE 0EV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

. 4690 "3,4 36.5 4,2 46,0 ,394 6,b 4.6

2 53.0 3,6 39.0 4.7 52,u 2,6 36,U 4,1
3 52.5 3*1 33.0 -1-.3 52. 3.1 3.0 ,..

4 52-5 -3.1- 37.0 2,7 52,U 2.6 36.5 2,6
. 5 . 46.- -2,9 3/*0 2,7 46,5 . 31. 3,.1

6 47,5 -1,19 36.0 1.7 4-i.0 U24 35.5 1.6

7 .... . 5 ,1- 34,0 -.3 51.5 2.1 3 4,0 .1

8 46,5 -2,9 35.0 ,7 45o5 "3,9 34.U *I

9 49.5 ,1 32.5 -1.8 49,5 *1 32.5 "1,4

to 45,0 -4,4 30,5 "3,8 49,4 "14 2YV5 ,4,4

1.t 47,5 -1.9 3 .5 -2.8 47,Q m2.4 31,U P2,9

12 S2.5 3,1 33.5 -,A 52. 2.6 3 u-,9

13 50.0 ,6 32.5 -1.8 49, .4 32. p,1,b

14 53,0 3,6 35.0 .7 5.3,u 3.6 35,u 1.1

15 46.0 -.3.4 31.0 -3.3 45#u w4.4 30.0 1,3.9

6 51,5 2.1 33,0 -1.3 51.5 2s.1 3,u -,9

9EAN 4 49.4 350

Sr) 2,9 2 6

114
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_ I..1GT PSDrt ns SURVEY 'UMU-R 18

WITHnUT CLOSIOHE WITH CLOSURL
JERbI-1Y UVERLOOK JEREPY OVRL.OUK

NUlM6FR ANGLF DE.V, ANGLF DEV, ANGLE DEV, ANGLE DEV,

I 49,0 e4 37,0 4,ci 49#0 ,y , J1 140

2 47.5 -1,i 32.5 ,0 46,5 ,,.6 31, -.1

3 49.0 4 35.5 3.0 48,0 ,1 34o5 2.#9

4 49.-5 .9 32.5 t0 49,5 1,4 32,5 .9

45.0 -306 33.U .5 44.0 ,4.1 32.U .4

6 90.5 is.9 36, . 50.5 2. 4 3 tu 4.4

7 5. 0 4.4 29., -3,5 53,u 4,9 29,U 92#6

8 90.0 1,4 3U,5 -2,0 49,U ,9 29,5 P2,1

9 48.5 -.1 31.5 1to 48,U -. 31... -,-

10 45.0 -3.6 29.5,-3,o 45,0 m3,l 29.5 r2,1

1. 49,U .4 30.5 -2.0 47.5 ,,6 29,U P2,6

1.2 4?.5 -:It 30 0 --2;, .. .. 4 7 ,5 .-.6 -- 30,l 0 V1.6-

13 -47, -1,1 30,5 -2,0 4b,5 1,6 29,5 2.1

1.4 53,0 4.4 35,0 2.5 52.0 3,9 34.U 2,4
I' 45,5 -5. 34.0 1.5 45.6- ,2.6 34,0 2 .4

1.6 44.4 *", 32,5 to 46,k -. 0 31,5 -,1

MEAN 48,6 32,5 48,1. 3 #-b

2,4 2,5 2,4 2s2



NIGHI ADG__ -SUVRVEY NUMBER 19

_j.ITHQUT CLOSURE WITH QLOSURE

JEREMY OVERLOOK JIREMY OVERLOU
POSITION
NUMBER ANGLE DEv, ANGLE DbV- ANGLE DEv, ANbLE DEV,

1 4b.5 93 32.5 2,9 48,5 .8 32,5 4.1

2 48.: ,3 26,5 -3.1 48,0 .3 26#U "2#4

3 5 1.-0 298 4 i6 - B 50. ,5 2.6 2d 4

4 45.0 -3a2 30.0 o4 45.0 2,7 3U.0 1,b

5 46,0 -2.2 32-U 2,4 45,0 -2.7 31.0 2.b

6 50.0 1.8 34,0 4.4 50,u 2, 2d,4 to

. 49,0 ,8 31.0 1,4 45.0 3 3.0 U ,b

8 45.0 -3.2 2/,0 -2,6 45,0 -2.1 2/1U "194

9 49.0 .8 28.5 -1.1 48.0 .3 2/0' -9

to 46,5 -1,7 26.5 -3,1 46.5 -1,2 26.5 .t.5

11 47.5 ",7 26.0 "3,6 47,0 -.7 250b r2, 9

12 48.5 .3 28,5 -1,1 47,5 -,2 2/,5 -.9

13 49,0 ,8 33,0 3.4 4895 .6 32t5 4.1

14 46,0 -2,2 25,0 -4,6 46, 1*.7 25.0 P3*4

15 51.5 3.3 29.o -,6 5U,5 2.8 28,o -#4

16 49,5 1.3 34.5 4,9 49j 1,8 28,4 .U

MEAN 4b=2 29.6 47,7 2o,4
S. n. 2.0 o --_ ,0 .
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-NILiI..REAXT1N GS -SRVYN-VM FR ?0

_ jTHOUT CWOSURE wITH CLOSURE

JEREMY UVERLOOK JEREMY OVERLOUK
2D.OS 17T T N ... .. . .. .._

NIjMBER ANGLE 0Ev, ANGLE DEV. ANGLE DEv, ANGLE DEV.

1 47.5 -1.2 35.0 1.2 46,5 "2.0 34,U .4

2 50,5 148 34.u ,2 50,5 2.(; 34.0 ,4

3 52.0 3.3 37.5 3.7 51.0 2.5 36*5 3.0

4 46.5 -2,2 29,5 -4,3 46,U "2,5 29*U r4*b

5 46.5 -2.2 29.5 -4.3 46.5 m2.0 29 t5 4.I

6 49.5 .8 37.0 3.2 49.0 .5 3695 3.0

7 5395 4.8 35.5 1.7 53,0 4.5 3500 1.b

d 48,0 -.7 31.0 -2.8 41t5 "1.0 3.5 .3.1
.. 9 50t0 1.3 3 .5 3,7 500 1.. 37.5 4,U

t0 4.b5 "1.2 32.5 -1.3 47,5 -1o0 32.5 VIol

48.5 -. 2 35.0 1,2 48,5 .o 35,u 1.5

12 46t5 **2 33.5 -,3 49,0 .5 3q4oU .4

1.3 48.0 -.7 32,5 -1.3 48,0 -.5 32.5 v.1

14 46.0 -2.7 32.5 -1,3 45,8 -2.7 32,3 P.o

5 49.5 .8 33.0 -.8 49,5 1.0 3J.0 -.5

16 47.5 -1.2 35.5 1.7 47.0 .i.5 35.U 1t

MEAN 4897 33.8 48.5 33tb

2.5__2iL 2.

1 17



I
I
I

NIqHT READINGS_- -.S'.RVEY NUMBER 2i

i i1HDI__CLOSU8E W I TIH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

POSITION-
Nl!mUd ANGLP DEV, ANGLE DEV, ANGLE DEv, ANULE DEV,

1 47,5 -.1 35.5 4,0 47,5 .3 35.5 4.4

248.5 .9 35.0 3.5 47.5 43 34#6 2,9

6 46,5 -1.1 33,5 2.0 46.0 -1,2 33,0 1.9

4 49,0 1.4 32.5 1,0 4b.5 1.3 32.0 .9

5 47.5 -,A 31,5 -,0 47,5 .3 31,5 .4

6 485 ,9 31.5 -1c 48.U lb 31,0 -.1

7 4§ 9 1,9 28.5 -3.0 49.5 2,3 2,b. 2,0

8 47.5 ",1 29.0 -2.5 46,5 w.7 2dU '3,1

9 46,U wl6 30.5 "1,0 46,0 -1.2 30.5 -.6

10 43.5 -4*1. 2795 -4.0 42.5 "4,7 26.5 .4,b

11 -1.0 3,4 32,5 1.0 50,5 3.3 32,u ,9

1t2 48,5 .9 32.00 . 48043 11 3100 .7

13 48,0.4 3U.5 -1.0 47,5 .3 30o.U wil

4 9,0-1,4 32,0 .5 49,U 1.8 32 U .

15 45,5 -2,1 30,0 i.,5 45,0 2,2 2v,5 vf.6

06 45.5 -2.1 32.5 1.0 45,5 "1.7 32.5 1o4

MEAN A7;6 31.5 47,2 31,1

S,1, 1d -2,2 1.9 203
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NIGHT RED!.N.GS___- SURVEY NUMBER 22

4 ITHit)UT CLOSUNE WITH CLOSURE
JEPEMY OVERLOOK JEREMY OVERLOOK

POS I T I n;_
NtIM8fR ANGLE DEv. ANGLE DEV. ANGLE DEV, ANGLE DEV.

1 46,U -s6 33.5 2.3 45,5 -. 7 33,U 2,3

_ _ 47.5 ,9 31.5 .3 47,5 1,6 31,5 .8

346,,0 -6 31.5 .3 45,U n1.2 3005 -,2

4 . 49.0 2.4 31.0 -.2 48,5 2.3 30,* -,2

5 4-5 0 -1.6 33,0 1,8 45,0 v192 3,U 2.3

6 48.0 1,42.5-2.7 47.0 -'- 27. t3.2

7 .. 3.5 -301 26.5 .4,7 43.0 .3@2 26.U .4.7

8 46,5 "vi- 29.0 -2,2 46.U -.2 2d05 .2.2

9 43.0 -3,6 27,0 -4,2 42,.--4.2 2bU .4- 7

to 46,U -. 6 30.0 -1,2 46,0 w.2 3uo v.7

11 50,0 3.4 33,0 1,8 49,5 3.3 32,5 1.8

1.2 46.5 w. 335 2.3 46.5 .3 34.5 2.8

47.5 .Q 33.5 2.3 47.0 .8 33,u 2.3

1.4 48.0 t,4 33.5 2,3 41. 98 32o5 1,8

t5 46,0 -#6 32,5 1,3 46,0 -.2 32c5 1,8

16 47.5 .9 31.5 ,3 47, .68 310U ,3

MEAN 46,6 31,2 46,2 30.7
_ a 8 ~ -, 4 , L
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.1 IQHT _PADTGSL ._ Y -NUMBER 23

_I T_ _ OU.C.LUSIJHE WITH CLOSURE

JEREMY OVERLOOK JEREMY OVERLOUK
POSITIN
NUMBFR ANGLE DEv, ANGLE DEV, ANGLE DEV, ANGLE DEV.

1 47.5 ,7 32.5 I,0 47.5 1.1 32,5 1.4

2 47,5 .7 32.5 1,0 47,0 , .32#U ,9

3 45,5 1.3 34.0 2.5 45,u -1,4 36-5 2.4

4 47,0 ,2 33.5 2.0 4 7,u .6 33.5 2. 4

5 45.5 -1,3 31.5 -. 0 45,0 -1,4 31,U -,1

6 48.0 1,2 32.0 ,5 48,U 1,6 32,U .9

7 4.0 1.2 30.5 1.0 47.5 1,1 3 U 1U I1

8 49,0 2.2 35.5 4,0 48,0 1.b 34,5 3,4

9 46,5 -3 31.5 -. 0 46,5 *1 31.5 .4

iU 44,5 -2,3 27,0 -4,5 44,0 -2.4 2b05 "q.b

11 44.0 -2,8 29.0 -2.5 43.0 "3,4 28,U -3.1

12 4795 .7 28.5 "3,0 47.o 9b 26#U -3.1

13 46.0 -,8 30,0 -i,5 46.0 .,4 30,U "1.1

14 47,5 .7 31.0 -,5 47,0 .6 3U.5 -.6

j5 47,5 .7 33,U 1.5 4b,5 $1 32,u .9

16 47,0 ,2 32,5 1,0 47,0 ,b 32.5 1,4

MEAN 46s8 31.5 46,4 31.1

n 1.4 . 1
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_J~I'NtP .ADIJ _S . _. -SURVEY NUMBER 24

w.. .. .a Ul .CLOSUJRE WITH CL6SUR
JEREMY UVERLOOK JEREMY OVERLOOK

P T.I._nN--

NuMBE ANGLk oEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 44,0 -3.2 32.5 1.,1 44,0 m2,4 32.5 1,5

.. 2 49t 2.3 35,0 3.6 49,0 2.6 34,5 3.5

3 4 ,0 27.5--3,9 ... . 41,5 "4.9 27, $

4 4 --6,0 ,8 34.0 2.6 4795 191 33,5 2.5

5 46.5 o.7 32,0 ,6 46,5 .1 32U 1,0

6 49,5 2.3 31,5 ,1 49.0 2.6 31.0 -,0

7 50.5 3s.3 31.5 ,1 50-.u 3.6 31.u ..u

8 46.5 -.7 30.5 -.9 46.5 01 30.5 .#5

9 46.0 -1.2 29.5 "1,9 45,0 -le4 28v5 r245

1.0 4,30 -4,2 28.u -3.4 42#5 -3.9 27,0 w3.5

11 450-2.2 30.0 -1,4 44,U "2,4 29.0 v2#U

1.2 48.5 1,3 3 .5 .... 48,0 1*6 31,0 -.U

13 48,0 ,8 32.0 ,6 47.5 1.1 31*5 ,5

14 48,0 .8 32,0 .6 48,U 1,b 32u I.o

15 45.5 -1.7 33.0 1.6 45.0 p1.4 32,5 -. 5

16 49.5 2,3 32.5 1.1 49.0 2.6 32.0 1.U

MEA'4 47.2 31.4 46.4 31,f
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__J1AH _.EADJNG'tS - SIJRYVY NUMBER 25

_LHO Q_ 0.CLOSURE WITH CLOSURE
JEREMY UVERLOOK JEREMY OVERLOOK

Pn t T T (nN
NUMBER ANGLE DEv, ANGLE DEV, ANGLE DEV, ANGLE EV,

1 45,0 -3.0 36,5 3l6 44, m3.5 35,5 341

2 49,U it.a 34.5 1,6 48.5 1.90 3 4,#0 196

3 47,0 -1.0 32,0 .9 47,0 ",5 32.U .. 4

4.0 1,0 34.0 1.1 48,5 1,0 33,5 i1

5 44.5 -,5 33.5 .6 44,5 ,3,0 3405 1.1

6 48,5 .5 31.5-1,4 48.0 .5 31.U ,1.4

7 48,5 .5 30.5 -2,4 48,0 .5 30,0 P2, 4

8 47.0 -1.0 29.0 -3,9 46,5 -1.0 285 .3.9

9 48,0 .0 32.5 -94 48.0 .5 32.5 01

10 46.0 -2,0 34,0 1,1 46,0 .1,5 34,U 1,6

il 47,5 ",5 32,5 -,4 47.0 P,5 329U .'4

12 49,5 15 29, *3.4 48 ,5 . 2, p39

13 .. 495 1,5 34,0 14l 48,5 1,0 33, .6

14 5U,5 2.5 34.0 1.1 50,U 2.5 33.5 1.1

15 46,5 -1.5 33, .1 46.0 P.,5 32o,5 .1

16 51.5 3.5 35.0 2,1 51.,5 4.0 35,U 2.6

MEAN 48,0 32,9 47,5 32.4

S, ., 1.9 9 -- ,- .... .. ..
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._I~ __T_P _,. $..___ .RVE Y UMBER 26

..WTH.UTC,,oShJ WITH CLOSURE
JEPEMY UVERLOOK JEREMY vJERLOOr,

_.P_J]s I T I _n IN

NUMBER ANGLE DEV. ANGLE DEV, ANGLF DE,, AN(.'b fJ:V,

1 47.5 .9 28.0 -3,3 47,5 1.3 28.0 .2.6

2 47.0 .4 34.0 2,7 46,5 .3 3465 2.9

3 43.5 -6,1 33,0 1 . 43.5 v2.7 33,u 294

. . 4; .. 32,0 ,? 46,0 -. ,2 31, ,q

3 4.. 5 -,1 33,5 2,2 42,0 , 3 3.Y ! 1,9

6 48,5 1.9 265 -4,8 48.0 1. 26,U ,4.bo

7 50.- 3.9 30.0 -1,3 50,5 4.3 3. u -. 0

8 48.0 1.4 32.0 t7 47,,5 1.3 3I5 .9
9 42,0 -4,6 2 42,-., 2o,u .4.b

10 425 -*1 29. 23 41,5 PP4#7 26.U -2.b

101 47,0 ,4 29,0 "2,3 47,0 , 8 29u P,.

12 46.5 -,. 2'., .- 4,6 46 t0 -,2 26,. r,4,1I

13 4,5 . 34.5 3,2 4 8 , 5 2*3 34, j

14 - -49.0 2,4 34t5 3,2 48.3 2o.1 34.,1 3.2

15 45.5 -le 'D.5 2,2 45, -.7 36.5 2,

29,0 2,4 33,5 2,2 48,5 2,3 33,U 2.4f

M ;AN 46,6 31.3 46,2 3U,O
_tp . 2o5 _ _. . .
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NI .HT- -E.LrlS ._;.U RVEY NUMBER 27

--. lTHO.Ul..CLOSUJHE WITH GLOSURE
JEREMY UVERLOOK JEREMY OV=HLOOK

NUMBER "ANGLE DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV.

1 4b,5 *1 35.5 2,3 48.5 .4 35,5 2,6

2..... 47.5 9'-Q 32.U -1.2 47.0 -1. 31.5 .1.4

3 49.,5 1.,- 33.0 -,2 491U ,9 3295 ".4

50.0 1,6 35,0 1,8 50.0 1c9 35tU 2.1

5 45,5 -2,9 32,0 -1,2 44Q5 -3,6 31.U P1.9

6 51 0 2.6 3,o -,2 51.U 299 33,- .1

7 .. 33,0 4.6 35.0 1.8 53,0 4.9 35.U 2.1

8 4690 -2 4 31,5 -1,7 45,5 "2.b 31.u ,1.V

9 46,5 -i,9 ,32,5 -. 7 46, "-6 32,5 -,4

tO 44", -4,4 32,5 -.7 43,5 ,4,6 32.U -,9

1 5*0.0 1.6 32.5 -.7 49,5 1,4 32,u -.9

12 47.0 *1,4 32.0 -1-,'2 47.. " ". .0 ".9

.3 49,0 ,6 35.5 2*3 48,0 -,1 34,5 1,6

14 51.0 2,6 33.0 -.2 51.0 2.9 34.u 41

1.5 46.5 -1.9 33,5 ,3 46.u -...- 3,S.U .1.

S 49.5 -. "33.0 ",2 49,5 1.4 34,U u 1

MEA 48,4 33,2 48, . 32.9
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NIGrHT 5AD_._!L- S SURVEY NUMBER 28

___wI TH_UT CLOSURE WITH CLOSURE

JEREMY OVERLOOK JEREMY OVERLOOK
POS IT I fl,'J

NUMBPR ANGLF DEV, ANGLE DEV, ANGLE DEV; ANULE DEV;

1 46o5 -294 35.5 3.1 46,5 w2.1 35#5 3,4

2 47,5 -1,4 3?,0 ,6 47,0 .1.6 32,' .4

3 47,5 -1,4 33.5 11 47.0 -'i .6 t3, .9

4 5095 1,.6 35,0- 2,6 50,5 1.9 35,0 2.9

46.5 -2,4 32,5 01 46, 02,6 32.

6 -3,0 4,1 32,0 -o4 53 .0 4,4 32.0 w#

-1 7 lO2.. 3.0 -1,4 50t5 1.,9 30e5) ,j.b

8 4940 *1. 32.5 .1 49#61 .4 52.5 .4

9 4795 -1,4 29,0 -3.4 47,t .1b 2... P3,6

to 0 46,0 -20931.0 -1*4 46*0 n2,6 31,0.1,

11 5090 . 30.0 -2,4 50o 1.4 30#U ,2,1

12 46,5 -,4 30,5 -1,9 4890 ,,6 30.0 -2,X.

IS 50.0 1.1 32,0 .,4 50, 1,4 32.0 ,..

14 46.5 -2,4 31.,0 ,1,4 46,0 "2,6 30,5 ,i,b

15 51.0 2#,1 34.0 l6 50,0 1.4 33.0 ,9

1.0,6 1 -2 36,0 3,6 50,5 1.9 35 5 3,4

MEAN 48,9 32,4 48,6 32,1
_.3. 2.1 2.0 2, ___
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NIGAT PEADINGS SURVEY NUMBER 29

.... 1THOUT CLQSRE WITH CLOSURE
JEREMY UVERLOOK 0ERLMY OV:HLCOK

NUM3ER ANGLE DEV. ANGLE DEV. ANGLE DEV, ANGLE .EV.

1 48.5 ".2 37.0 4,4 41,5 .1 37,U 4.7

2 50. 0 193 3:3.0 .4 49,5 1.1 320. .2
,3 46.0 & 34.0 14 . .45.0 3, -3.u .7

4 49.5 .7 34,0 1,4 49.5 1.1 34#U 1.7

5 49,U .2 35.Q 2,4 48,5 o1 34t5 2,2

6 50.0 1. 3.0 . 4 90 . 20 3

7 50.0 1#3 31.5 ".1 49t5 1.1 3.10 P.o

"-'- 49.0 .2 31.0 "1,6 48.5 .1 30,5 Wld

9 49o5 97 31.5 -191 49.5 1.1t 31.5 w98

10 45.0 -3.8 31.5 -11 44.0 -4.4 30.5 P198

11 49,0 92 31.5 -1.1 49.0 .6 31,05 ..8

12 49.5 .7 31.5 ".1. 49.-0 . 31,0 v1.s

13 47.0 "103 33,0 .4 48,0 w.4 3"*U 1,7

14 5015 t,8 3U,0 "2,6 50,0 1.6 29,5 .2,U

.5 46.0 "2.8 32.0 ",6 46,0 24 32U -.5

-1.6 -5195 2,8 32,5 -,1 51*0 2.6 32su ".3

MEAN 48.8 .326 48.4 3k f
s,_ .. 1,9
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NIGMT PE' ,. SURVEY NUMBER 30

u;IrHOUT CLOSURE WITH CLOSUR%
JtPE .Y UVER4LOOK JEREMY OVERLOOK

NtuMI1FR ANGLP DEV. ANGLE DEV, ANGLE DEV, ANUiLE DEV.

1 47,5 -.R 33.5 97 47.5 "., 36,5 lqU

2 50,5 2,2 3b,0 3,? 50,U 1.7 35o5 3,U

3 o.5 2;? 3.0 2.2 50.52,2 3 ,u 2.5

4 50,0 197 34,0 1,2 49,5 1.2 33#5 1,0

5 44"5 -3.8 36.0 3,2 43.5 i4 35.0 2#5

6 51.5 3.2 31.0 -1,8 51.5 3.2 31,0 .1.5

7 50,52.2 3.5 ,7 50,5 2.2 36.5 1.0

8 47.0 -1.3 31.5 -1.3 46*5 P198 31PU "195

9 50,0 1.7 3-,5 .7 49,5 1.2 33. 0u !

1.0 44,0 -4,3 32,0 ",8 4.,- - 31.0 -1,5

11; 49. .7 31.0 -1.8 49.0 .7 31.0 ,i*5

1.2 49.5 1,2 30,0"2,8 49,0 7 293,0

134590 -3o3 32.0 -.8 45.0 P3*3 3290 w,5

14 41,5-,98 32.0 -,8 47,U -1.3 31.5 plU

15 47,5 -.8 31.5 "1.3 47.5 ..8 31,5 ,,

16 49,0 .7 33.0 ,2 48,5 .2 32.5 .U

MEAN 4332848,3 32 *5
SOI. 2,3 1, It , _. .7
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_NIGHT READINGS SOJRVEY NUMBFR !

WITHOUT CLOSURE WITH 'LObURE

IT-N JERt:Y UVERLOOK Jl:REMY OtHLOOK

NUMBER ANGLE .EV. ANGLE DEV, ANGLF DEv, ANGLE DEV.

1 48,0 -.8 38.u 3,8 48,0 ",5 38.u 4.2

2 1.0 2.2 35.5 1,3 5U.5 2.A 35.U 1.2

3 48.0 -.8 35.5 143 47,5 r1..O 35ou 1.

4 5i.5 2.7 36.5 2. 51.5 3.0 36.5 2.1

5 47,5 -#,3 34.5 .5 47,0 P1.5 34,U .2

6 49,5 ,7 34,5 3 149.5 1. 34,5 .7

7 51.0 2,2 32.0 p2.2 51.0 2.5 32,U p.e

8 47,5 "1,3 32.5 -1.7 47.0 -1.5 32oU plb

9 48.0 -. 8 32.0 "2,2 48,0 -,5 32.0 -l,1

10 44,5 "4.3 31.0 "3.2 44,0 -4,5 3U, 5 w3,

ii 48.0 -,8 31.5 -2.7 47,5 -i.0 31,U r2.d

12 52.0 3.2 30,0 -4.2 52,0 3.5 30,U r3,b

13 48,0 -,8 3b0O 1,8 47.U "1,5 35,U 1.2

14 51.0 2,2 36.5 2,3 50.5 2.U 36.U 2,2

15 48,0 .,8 36.5 2,3 48,0 .5 6095 2.7

16 47,5 -1,3 34,0 -,2 47,u qi,5 3395 -,'

MEAN 48,8 34.2 48,5 35ob

5 , 2.f0 2.4 24 2,4
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NIHT PF4A0NGS_. SURVEY NUMBER 3?

WITHOUT CLOSURE WITH CLOSURE
JEPIEMY OVERLOOK JEREMY OVERLOOK

NLr~IMEp ANGLF UEV, ANGLE I)EV, ANGLE DEV, ANGLE DEV,

46, -.. 3,4 38.0 3,1 45.8 -3.3 310b 3.2

51.5 . 3b,5 1,6 51.5 2.4 36.5 j.9

3 49.5 t1. 36.5 1.6 4895 iV.6 6!*. 'y

4 i9,U -.4 35.5 s6 49.0 ".1 3505 '9

5 50,0 .6 36.0 1ei 49,5 .4 35,5 ,9

6 91,5 21 36,.u 1.1 51,5 2,... 3u .

7 54.0-4,6 34.5 -,4 54,0 4.9 34P5 -,1

49.5 91 34.5 -4 49,5 .4 34,5 -,1

9 47.0 -2,4 32,5 -2,4 46,5 -2,6 32.0 P2,6

I0 4"0-'4.4 .32.5 -2.4 44,5 "4s6 32,0 - 0

114, "935-1.4 4d,5 .6 33. p1 1

1250.0 .6 34 ,1 49. 04 3 4, rt

t3 48.5 -,Q 34.0 -.9 48,0 -1.1 33.5 ,1.1

145. -6 3 5. .u 1 49o5 o4 34.5 -.1

i5 48.0 -1.4 34.0 -.9 48,di -1.1 34,U -.b

16-.5 3 -34.0 .9 52.5 3 4 34.#0 w,b

MEAN 49. 4 34.9 49.1 .34 .6

-S.D. 2.3 .5

12.9



NIGHT READIN.tS J.-__.j)RV Y NUMBER 33

....--iLthfl.UT CLOS-URE WITH CLOSURE
JEPEMY UVERLOOK JEREMY OVLRLOOK

NUNI"BEP ANGLF DEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 52#5 2,6 38.5 495 52.5 2.9 38.5 4.b

2 5liO l. 34,5 15 50.5 .9 34.0 12

3 49.0 -.9 33.0 -1.0 49,U -.6 34, w.7

4 51.0 tI 36.5 2,5 50,5 ,9 360U 2.3

5 48.5 -1A.. 36.5 2,5 48,5 -11 36,5 2.8

6 52,5 2.6 35.0 1.0 52,0 2 ,4 34b 7-

7 52 . 2.1 35.5 1,5 51.5 1,9 35.0 1.

8 48.0 -149 31,5 -2,5 48.u .1#6 31.5 "2,d

9 130.5 *6 32.5 -1.5 50.5 .9 32t5 -1.J

0 46,0 "-3,9 32.0 '2,0 46.5 -3,1 32., t 1,3

1 40.0 #1 31.5 -2,5 49,5 -.1 31,0 "2,8

12 52,0 2,1 33.0 -1.0 51.0 1.4 3290 .1,8

13 47.0 -2.9 33,5 -.5 47.0 v2)5 33.5 -.2

1.4 48.5 -1.4 31.5 -2.5 48,0 .1..6 31.0 P2#8

15 4 8 ; "1.9 34.5 .5 48.0 -1.b 34. 5 t/

1,6 51.5 1,6 34.5 ,5 51,0 1,4 34,U .2

MEAN 49.9 34.0 49,6 339b
SLD, 2,1 2.1 18 .. 1
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NIGHT PEADINGS SURVEY NUMBER 34

____ wITHOUT CLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

PfO.RITInN __
NUMBER ANGLE DEV. ANGLE DEV. ANGLE DEV, ANGLE DEV,

. 52.5 2.9 39.0 4,6 52.5 2.9 39,0 4,6

2 92,0 2.4 34,5 @1 529U 2.4 34,0 ,1

3 50.5 ,9 34.0 -,4 50.3 ,7 3j, w.ob

4 52.0 2.4 36.0 1,6 51,B 2.2 35,d 1,4

5 50.0 .4 38.5 4,1 49.6 .2 38.3 3,9

6 50.0 .4 3610- 1i....6 . 49,8 .2 35,# 1,4

7 50,0 -4 36.5 2.1 50.u .4 36,5 2.1

-46--3 30.5 -3,9 46,5 w3.1 3U,5 "3,9

9 45,0 -46 30.0 "4 .4 46,0 "3,6 31,0 "3,4

0 475-2.j 33.5 -#9 47,5 "2.1 33.5 -.9

11 49,0 -.6 30.5 -3,9 49,3 -,3 3096 P3#6

12 50,5 .9 34.U -,4 5o,3 ,7 348 .,b

4$,0 -j,6 32.0 -2.4 48.0 -1,6 32,0 -2.4

1.4 505.9 35.5 1.1 500 .4 .35.0 .6

15 49.0 -.6 34,0 -.4 49,o -.6 34.0 -,4

16 51.0 1.4 3 1.1 51,u 1,4 35,5 1,1

MEAN 49,6 34.4 49,6 34.4

SD , 2.1 2.7 295
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NIGHT PE'NG.S - SURVEY NUMBER 3

,1-ITHOUT CLOSURE WITH CLOSURE

NUMBER ANGLF OEv, ANGLE qEV, ANGLE DEV, ANGLE UEV,

1 47,5 -1,0 36,5 3,2 47.5 viol 36*5 3,3

250,5 1,8 34.0 7 50.0 1.4 3305 ,6

6 49.5 .7 36.0 -03 49,5 .9 3.0 -.2

4 48.0 ,,7 33.0 ,3 47.5 ,1.1 32 t -.7

5 45.0 -3.8 32.0 -1.3 45,0 -3.6 32,0 .1,2

6 48.5 -.2 31..5 -1.8 -I7.,-1.1 30-5 -.?,7

7 52,0 ,53 63.0 -'3 51.5 2,9 32.5 -,7

8 47.5 -1.3 33.0 -#3 47.5 -1.1 36,U -,2

9 47.5 -1.3 1.*0 r2,3 47,5 .-1.1 310 "-2,2

10 47,5 --13 3U.5 -2,8 47.0 1.* 30.U r3,2

11 . 49 0 .2 33.0 -,3 49.0 .4 36.U -.2

1.2 91.0 2.6 3io5 -1.8 51,u 2.4 31. Y.'/

0.5 1,8 34, 0 ,7 51.0 2.4 34, 1.0

14 50,0 1.3 37.5 4,2 50,0 1,4 37,5 4,.

15 47.5 -t,3 35.5 2-.2 47.5 1 3 ' 2.4

16 48,.5 -.2 34.5 1.2 46,5 e.i 34,! 1.

MEAN 48,8 33. 48,6'
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I

_._ r _ .S,JRVEY ,4. uM EH 36

4ITHOUT CL.OSIIHE WITH CLOSURE

JEP:MY OVERLOOK JEREMY OVE:RLOOK

NUMb;ER ANGLE f)EV, ANGLF DEV. ANGLE DEv, ANGLE DEV,

46,5 -2.6 35,0 ,. 46,5 "2.4 35,o ,

2 49,5 ,4 34.5 -,4 49,3 ,4 34#.. "*1

3 51,0 1.9 31. -3,4 51.3 2.4 31., P2,b

4 2.-5 34- 3 .u -1.9 5 ,.b 2.9 .32,3 r 2,1

50.5 1. 39,o 4.1 5o,5 1.6 39 , 4.b

6 49,0 -, 36.0 1.1 48.. -*6 35.3 9

7 51," 2.4 39.0 4,1 51.3 2s4 38,6 4,4
8 49.0 -.1 32,0 -2,9 48,5 -. 4 315 .2,9

9 46.0 -3,1 9----.,4 4b.0 v2*9 2995 P4.9

10 48.0 -1.1 35.0 , 47,8 P1,1 34#0 .4

- -4. '-2.6 34,5 -,4 46,8 -2.1 34ob ,

12 52.0 2.9 3645 1,6 - 51,8 2.9 3 6, 1.9

13 48,0 -t1,. 35.5 96 48,U 1,v 35,5 1,1

14 51,5 2,4 35.0 ,1 51,U 2.1 34,5 ,1

15 "49,5 .4 33.5 -1.4 49,0 i 33o U p1,4

16 --45,0 -4. 34,0 -,9 45,U m3,9 3qU ,.,4

MEAN 49,.1 34.9 48,9 34.4
S,. _ 2.3 2 .1 2,2 .. . _
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.. I(TEAD)J..N.$._SUREY NUMBR 47

__ -.IxT!fiU. .CLOSINE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

NLIMBER ANGLF DEV. ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 50.5 1.4 37.5 2,8 50.5 1.6 37.5 2,9

2 49.5 44 34.5 -.2 49,0 01 34.0 ,b

3 9i.5 2,4 32.5 -2.3 1.5 2.6 62#5 P2,1

4 .. 5 3.4 39.0 4.3 52.!j 3,6 39,U 4.4

'. .9. 9.0 4,3 49.3 .4 3b,3 3,/

6 44,5 -@6 34,5 -. 2 48,3 -,6 343 -- '.-3

7 50o5 1,4 37.5 2,8 50.5 1,6 3705 2,9

8 45.0 -4,1 33.0 -1.8 44.5 -4o4 32.5 2s1

9 46.5 -2.6 -4J. "43 46. 5 -2.4 3U.5 P4,1

10 46,5 -2 6 34.0 -. 7 46.8 -2.1 34*3 -d*

148.5 -6 30.5 -4,3 48,5 -.4 30.5 p4.1

12 90,0 ,9 34. -",2 4-9,a .9 34.3 .

13 47.5 -1,6 30.5 -4,3 47.3 -1.6 30,3 r4.4

1 .. 5 1.4 37.0 2,3 50.0 191 36.5 1.9

15 48.5 -.6 345 -2 41.13 -101 3300 -.8

16 -00 .9 37.o 2.3 5u.3 1,4 37.3 2.7

MEAN 49.1 34.8 48.9 34,6

SoD. 2.0 2,9 2,0 2.9
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NIGHT PEAD1NGS SJ)RVEY 'NUMBER 38

.. wITHOUT CLOSURE WITH CLOSURE
JEREMY UVERLOOK JEREMY OVERLOOK

NtI14Ep ANGLE DEv. ANGLE DEV. ANGLE DEV, ANGLE DEV,

4890 .7 37,0 3,1 47,8 .7 360b 3,1

2 46,0-"i,3 34.5 ,6 45.8 -1.3 34*3 .6

3 46.5 -.8 .0 1,1 45.8 -1.3 34,3 .o

4 47.5 .2 34.0 , 47,3 *2 33.b .1

5 47 .5 .2 33.0 -.9 47.3 .2 3290 -.,

6 43.0 -4.3 3o.U -3,9 42,b p4.3 299b P3.9

7 48.5 ... 36.5 2.6 48.5 1.4 36,5 2.8

8 48,0 0 33.5 -,4 47,5 .4 33,u -,7

9 44.0 -3,3 32.5 -1.4 44.3 2#8. 32.b -.9

to 49.0 .... 7 35.5 1.6 48.8 1,7 35,3 lob

11 48,5 1.2 33.5 -,4 49,0 1,9 34,L .

12 47,5 *2 33.5 W,4 47.8 .7 33,0 41

13 48.0 ,7 30.5 -3,4 48.0 .9 3.0.5 03.2

t4 48.5 1,2 35.0 :.,1 47,6 .7 34,3 *6

15 47.5 .2 32.0 -1,9 47,3 o2 3i1b 1,9

16 49.0 1.7 36.0 2.1 47,8 .7 a4,b 1.1

MEAN 47.3 33.9 474l 33t7
.S,, 1,.7 2.0 1 .9
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NIGHT READINGS ! SURVEY NUMBER 39

!ITHOUT CLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVtRLGOK

POSI.TI.
NU BFI ANGLF DEV. ANGLE DEV. ANGLE DEV, ANGLE DEV,

1 48.0 .2 37.0 2,1 47.8 .1 36.b 2.1

2 46.,0 -1,8 34,5 -t4 45t8 v1,9 34,3 -.4

3 50,0 2,2 35,0 *1 50,U 2.3 35,u ,2

4 55,. 3.7 36,0 1,1 51.3 3.6 359o 11

5 -0,5 2.7 37,0 2,1 50,3 2.6 36b, 2.1

6 46.5 -1.3 33,5 -1.4 46,5 -1,2 3s,5 m1..

7 48,0 .2 38c0 3.1 47.3 -. 4 31,6 12

8 48,0 .2 35.0 ,1 47.5 .,2 34,5 -.2

9 46.5 -1.3 35.0 .1 46.0 "1.7 34. -,2

10 45,5 -2,3 35,0 ,1 45.5 m2.2 35,U 12

11 48,5 ,7 30.5 -4.4 48*0 ,3 3U U p4,8

12 46.5 -1.3 34.5-.4 47,u .. 3,.. ..

t3 48.5 .7 31.5 -3.4 49,0 1.3 32.U P2.8

14 48,5 .7 37,0 2,1 48,U ,3 36o5 i,6

15 46,5 -1.3 34o5-.4 46.0 .7 3-." .)"

- 6 .-46.5 -it3 34,5 -.4 4 7 , ,.7 3 5 -U .2

MEAN 47.8'-.. 3419 47.7 34,d
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NIGHT Pj'ADINGS__ SURVEY :qUMBER 40

wl THflUT CLOSIJRE WITH CLUSURE
JEPl Y OVERLOOK JEREMY UVERLOUK

POSITION
NUMBER ANGLF DEv, ANGL DEI.. ANGLE DEv, AUGLE DEV,

48,5 -. 1 37.0 4,0 48,5 .1 37.0 4.2

2 ... 5 1 9 35.5 2,5 50,u 1.6 35.U 2.2

3 44.5 -4.1 . '0'.5 -275-... 44,5 3,9 -30v5 .2.4

4 4995 09 3J.5 .5 49.U .6 33.0 .2

5 48#0 -e6 37.0 4,0 47,5 .9 36s5 3,7

6 o.5 .9 32.5 -. 5 50.5 2.1 320 ;-.3

7 50.5 1.9 31.5 -1.5 51#0 2.6 32.U .,8

8 49.0 .4 31.0 -2,0 49.U .b 31,U vl1. d

9 ro.5 1 02 50.5 21 3 5 U, 2.2

o 45'*0 -3,6 31.5 -1.5 44,5 n3.9 31.u -1,8

1 48.0 -t6 33.0 t0 48.U -.4 33,o .2

12 51.0 24 32'"0 -0 " 50.5 2. 1 3 0 r,

13 47.5 -1.1 32.5 -e5 46.5 -1,9 3105 ,,1.3

14 49,.' .4 30,4 -3,0 49.0 96 30.0 ,2*8

15 45.' -3.131.5 -i.5 145 u3,4 31,- "

16 50.0 1.4 34.u 1,0 5u.u 1.6 34.U 1.2

MEAN 48.6 133.0 48,4 32#d
S_ .D. 2.1 - . ,2,2 2,_ - E,24
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NIGHT PRAI)TNGS - SURVEY NUMBER 41

,' ITHOUT CLOSLIHE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

NUMBER ANGLE 1)EV. ANGLE DEV, ANGLE DEVO ANGLE DEV,

1 48,0 ,2 35,5 1.2 48.3 ,7 35,8 1,/

2 40.5 1.7 35.0 ,7 49,U 1,4 34.5 4

3 46.0 -1,8 34.5 .2 4593 -2.S 330b -.4

4 48.0 s2 35.5 1,2 48,3 ,7 35,8 I./

5 48,0 .2 374U 2,7 48,0 ,4 37,U 2,9

6 50.5 2.7 36.5 2.2 49,8 2.2 359b 1.7

7 48.5 .7 31,5 "2,8 48,5 .9 31.5 r2,ob

8 48.0 .2 32.0 -2.3 47,5 -*1 31.5 P2,b

9 47.5 ",3 ,35u .7 47,.3 ",3 34,6 ,7

10 46.0 "1,8 36,5 2o2 46,0 "196 36.5 2.4

t 4990 1,2 31.0 "3,3 48,5 .l 30,5 P3,6

12 45.5 -2.3 35.0 ,7 46,U ,1,6 35,5 1.4

13 46,0 -1.8 31.5 -2.8 46.3 ,1.3 31.b P2.4

14 48,0 ,2 36.5 2.2 47,5 *.1 36.0 1,9

15 49,o 1.2 33.0 -1.3 45 .4. 49 32t5 b

16 47,0 .8 32.5 -1.8 47.0 -.6 32.5 ,1b

MEAN 47.8 34.3 47,6- 34,1
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Hi 5.A~.~ ~12R V EY "UMHBE H 42P

.ITKOnT CLOSURE WITH CLOSURE
JEREM4Y OVERLOOK JEREMY OVERLOOK

NUNMEIR AIGLF DEV, ANGLE DEV. ANGLE DEV, ANGLE DeV.

1 48.0 -.6 36,0 1,9 48,5 .0 36.5 2.5

2 48.5 -,1 36.0 1,9 48,5 ,0 36.0 2,U

3 47t5 -191 34.5 4 47.8 -,7 34.. ,"

4 45.5 -341 34.0 -,1 45,0 o3#5 3d.5 -,5

5 49,0 .4 37,U 2,9 48.8 ,3 36b 2,b

6 50.0 1,4 30.0 "4,1 --. 3 1. 3u, p,7

74. .9 3.3.0 -1 o1 4 9u .U 5 3295 P195

8 48,5 .*j 33@5 -96 48,5 ,u 33,5 T.

9 50.0 1.4 37,0 2,9 498 1.3 36,6 2,8

to 49,5 .9 34.0 ",1 49.3 ,b 34.6 -,2

11 r0,0 1.4 29,5 -4,6 50,3 lb 29.b e4,2

12 49o5 .9 32.0 2 2.1 49,3 . 3b p- P2

13 48.5 . I 36.5 2,4 48.U w.5 36,U 29U

14 47.5 -lt 32,5 -1.6 47,U -1,5 32,U -2,U

15 50,5 1* 34.0 ,1 50.3 1.3 36,8 -,2

16 45o5 -3.1 36.0 1,9 45,5 u3.0 3o,0 2,u

MEAN 48,6 34.1 485 34,
-3Afl 11.5 2.3 *~~2,



_A15, T __P E N GS -SUVEYY NUMBER 43

wITHOUT_ CLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

NUMBER ANGLF DEV, ANGLE DEV, ANGLE DEv, ANGLE DEV,

1 50,0 .6 36,o ,7 49,8 .5 35, b

2 5,5 2.,. 34,5 -,8 51,3 2,0 34,3 in9

3 50,0 96 34,5 -,8 49... .5 34.a -. 9

4 48,0 -1.4 38,0 2,7 4,0 *193 3bu 2.b

5 53.0 3,6 39,5 4,2 52.8 3,5 39.3 4.1

6 51.016 3. U. 51 1. 345 1

7 . 0 .6 38.5 3.2 49,5 .2 3dU 2.8

d49. -4 34.5 -.8 48.8 #.5 34.3 .9

9 4790 -2,4 32.5 2,8 47,0 "2.3 32,5 P2#1

10 46.0 3,4 34.5 -,8 46,8 -2,5 35,3 ,1

12 480 "1.4 33.5 -1.8 48,5 -, 34,U wj,9

13 49,0 -. 4 34,0 "1.3 48.5 8, 339, 1.,7

14 49,5 ,1 35.5 ,2 49.3 -,0 35.3 #1

15 47,5 -1o 34.5 -,8 46.8 2o5 33,8 -1.4

16 50.5 1.. 37,5 2,2 50.5 1.2 3, 2,3

MEAN 49,4 35.3 49,3 35.2
2
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I

NIGHT PEAD!_NGS - SURVEY NUMBER 44

u1,ITHnUT CLOSUHE WITH CLOSURE

JEREMY OVERLOOK JEREMY OVERLOUK

NUMBER ANGLE DEV, ANGLE DEV, ANGLE DEV. ANGLE DEV,

1 50,0 1#65 39,0 4.7 49,8 1,4 3bb 4,6

2 48.5 t0 35.5 1.2 48.5 .1 35.5 1#6

3 45.0 -3.5 33.0 -1.3 44.5 -3.9 325 -1./

4 46.0 -2.5 38,5 4,2 45.5 "2s9 3btu 3.b

56 4850 -5 36.0 1.7 47,8 -,6 35,b 1.6

-6 49.5 1.0 0 .7 50. lobu1. 3505 1 .

7 46,5 -2.0 30.0 -4,3 46,3 "2.1 29,6 r4.4

5 2.0 3.5 3/,u 2,7 51.5 3.1 36,5 2.3

9 47.0 "1,5 45 2 47,0 "1,4 34, .

10 495 1,0 32,0 -213 49,5 1.1 32.0 P2.2

11 2 1.025 33.0 "1,3 50, 2,4 32o, P194

12 49.5 1.0 60- 1 ,7 50.0 1.6 3b05 2.6

3 . 47,5 -1 0 32,5 -1,8 47,0 -1.4 3.2,91 r2,

j4 48".0 -q5 31.0 -3,3 47.8 -. 6 3ul v3.'4

15 48.5 .0 31.u -3.3 4895 0. 31,0 .K.2

16 49.0 05 34,5 e2 49.3 o9 34,b .6

MEAN 48 5 34.3 4d,4 34*2

1...8 L,01
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NIGHT REAQING$ SVRVEY NUMBER 45

.ITHOUT CLOSURE WITH CLOSURE
JErMY OVERLOOK JEREMY OVkRLOOK

-- QS.1 LI __

NUBFR ANGLE DEV. ANGLE DEV. ANGLE DEv, ANGLE DEV,

1 47o5 -,2 37.5 2.0 47.5 -.2 31,5 2.1

2 46.0 .3 34,0 -1,5 47,8 ,1 33,o P,b

3 45.5 -2.2 35.5 ,0 45#b -1.9 350 .4

4 45.5 -2,2 37.5 2,0 45,0 w2.7 3/o 1.6

S 47.0 -7 36.0 ,5 468, -o3 3bu -4

6 47.5 *,2 37o5 2.0 47,5 -o2 3?5 2,1

7 48,0 .3 35.0 -..5 480 .3 .3..u -.4

8 48.5 .8 32.5 r3.0 489.3 .o' 32t6 v3.1

946,5 -1,2 34,5 -4.0 46q5 "12 349~-

10 46,5 .8 40.0 4,5 48,0 .3 39#5 4,1

11 50.0 2.3 3 ,0 -.5 50.0 2.3 35,0 -.4

12 43.5 -492 36.5 1o0 43.8 m3.9 369b 1,4

I3 50.5 2.8 31.5 -4,0 51.0 3.3 3;.U p304

14 49,5 1.8 3d,0 2.5 49t5 1.8 3b*U 2.6

15 4990 1.3 31.0 -4.5 48.b 1.1 3U0, P4.o

16 48.0 .3 35,5 ,0 48,3 .h 35,tt .4

MEAN 47.7 35.5 47,7 3!,4

1.SAPl8 2. 4_,4
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I

NIGHT P ADTNGS - SURVEY NUMBEH 46

wITHOUTCLOSURE WITH CLOSURE
JEREMY OVERLOOK JEREMY OVERLOOK

NU)MBER ANGLE 0Ev, ANGLE DEV, ANGLFDEY'ANGLEDEV-

1 46.0 -2#1 35.5 .3 46,0 .2.1 35,P ,b

2 48,5 .4 31,0 1.8 493 1.2 3798 2.9

3 48,0 ., 34.5 -,7 47,8 -.3 34,$ .,b

4 45,0 "3,1 33,5 -1,7 45,8 -2,3 34,3 -,b

5 .4 37.U 1,8 48,9 .2 36,8 1.9

6 48s0 ,1 3 . ,3 46. "193 34c3 -.b

7 47.5--'-,6 - 31.5 -37 48, U '.# 32.U .2,9

I -... 0 1,9 32.0 -3,2 5U.,5 2.4 32,5 92,4

9 47.0 -1.1 39.5 4,3 46,5 .16 39#U 4,1

-0 50,0 1,9 39.0 3.8 50,0 19 39.U 4.1

11 50,0 19 34.5 -.7 50.0 1.9 34,5 w,4

12 48,5 .4 36,5 1.3 48,5 ,4 36-'1,b

13 6. -. 1 3i , 492- 45,d P293 30,8 ".4.1

144,J4 37.0 1,8 49s.0 .9 36 0 1.b6

1, 49,5 1.4 45 2 -#4 5u 1.9 3U.U r4,9

16 48,0 .1 34.5 -,7 47,8 J,3 34o.3 -

MEAN 48.2 35,2 48,8 34.9

SD. 152,5
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N-;H_.PkJAGS -SURVEY NUMBER 47

... .. . 4j -H. v T  C LOS UR E WITH CLOSURt:
JEREMY OVERLOOK JEREMY OVLRLOOK

NUMBER ANGLF DEV, ANGLE DEV, ANGLE-DEV, A'NGLE DEVs

1 47.5 ,3 36,0 1.,1 47,0 to 3i5 8

2 47.5 .3 35 u $i 47, ,3 349b ,1

3 48,0 ,8 35,5 ,6 48.0 1.0 3, ,

4 48,0 t8 36.0 1.1 47,5 ,5 3505 1

5 47.5 ,3 36.5 1,6 47,8 .8 36,0 2.1

6 4495 '2.7 32.5 -2,4 444.3 w2.7 32#, 2,4

7 450 --.2 33.0 -1,9 45.U "2,0 34.0 t1,7

8 48o5 1,3 33.5 -1.4 47t5 ,5 32#5 r2,2

9 4695 -. 7 34.5 -,4 4595 w..5 3415 -1.2

10 4bO ,8 37.0 2.1 47,5 ,5 36.5 1.6

11 47,0 -,2 32.5 -2,4 47,0 .0 32Y5 .292

12 47,0 -.2 36.0 iI 47,3 ,3 363 1.6

1346o0 -1.2 35.0 .1 46,5 ... 5 3515 .6

14 50,0 2,8 35,o ,i 50.0 3.0 35,0 .3

15 48,0 .8 3b.0 1.1 47,5 .5 35,5 ,d
J6 46,5 .7 #. 34.5 -. 4 46.0 "110 34,U -. 7

MEAN 47,2 34.9 47.U 34.7
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I LT P ADIN ,.J Y11_iEB .,4....

_ _._ LTH9oUT Q$VQS.UHE WITH LQ. P.RE-.-
JEREMY OVERLOOK JEREMY OVERLOOK

NUMBE.R ANGLE DEv, ANGLE DEVI ANGLE DEV, ANGLE DEV,

1 47,5 ..9 31.0 1.1 47,5 .,9 37.U 1.1

2 47.5 ,,9 ,34.5 -1,4 47.5 -.9 34,5 '1.4

3 51.0 2.6 36.0 1 .51.0 2.6 36,0 .1

4 50,5 2,1 36.5 ,6 50.5 2,1 36.5 46

5 440 -. 4 4,U -1.9 4, ,9 33.5 *.A

6 47.5 -.9 36,5 I6 475 .9 3695 lb

-501-5 2.1 40.0- 4,1. 49.5 1..1 39.0 3.11

a8 4 7,5 -.9 38.5 2,6 47,5 -,9 38,5 296

9 47,0 e'4 33.0 -2,9 47.3 1.. 33, ,2,b

10 46.0 -294 36.5 .6 45,3 m3,1 35,8 -.1

11 52.0-36 35.5 -,4 52.0 3.6 35, ,.,4

2 50.0 1.6 7.0 ... -- .50.0 1.6 37,0 1 ,

13 45,0 3,4 33.5-2,4 45F5 P2#9 34,0 "1.9

44 9.5 ,1 34,5 -1,1*4 49.8 1,4 34,6 p,1,l

15 47,5 -#9 35,5 -,4 48,0 '.4 3bo ,1

16 51.5 3,t 36,5 o6 51,5 3.1 36.5 ,b

MEAN 48,94 35.9 48,4 35*9
_____2.41o__ _1.8 IL6
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I G H T R EADI ..... SURVEY NUMBER 49

.ITHOUT CLOSURE WITH CLOSURE
JE4EMY OVERLOOK JEPEMY OVERLOOK

NUMBER ANGLE OEV, ANGLE DEV, ANGLE DEV, ANGLE DEV,

1 45,5 -2,0 33.5 -.8 45,5 -1.9 33,5 "1.1

2 49.5 20 35.5 1.2 49.U 1,6 35.U .4

344.5 -. 3702.7- 4 4-5- -"-2*9 31.U 2,4

4 47.5 t0 33.0 -1.3 47,5 *1 33,0 .1.b

5 - 48.5 1.0 37.0 2.7 48.5 1.1 37#U 2.4

6 46,0 -1.5 35.5 ,2 46,0 -1.4 35, .9

7 47,5 .0 30.5 -3,8 47.5 .1 3U.5 -4,1

8 90,0 2.5 34.0 -.3 50.3 2.9 34,3 -.3

9 46.5-1.0 34.5 .2 46.U "J.4 34.U -.6

1.0 48.5 tq 35.0 .7 48.5 1.1 3.0 .4

11 4.7.. - .5 33.0 -1.3 46.8 ., 32,b - .

12 46.5 -1.0 36.5 2,2 46,0 -14 36.u 1,4

13 43.5 -4,0 32.5 -1.8 44,U .3.4 33.U -1.0

14 49.5 2.0 3443 -r0 49.0 1,b 3Y0 4,9

15 50.5 3.0 34.0 -.3 -5o,5 3.1 34,U -.6

16 48,5 1,0 33.5 -,8 48,5 1.1 33,5 r1.1

MEAN 47.5 34.3 47,4 34,6
SO*fl 2.0 1.7 1.9 2.1
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NIGHT READINGS - SURVEY NUMBER 50

WITHOUT CLOSURE WITH CLOSURE

JEREMY OVERLOOK JEREMY OVERLOOK
POSITjN
NUMBER ANGLF OEV, ANGLE DEV, ANGLE DEV, ANGLE DEVI

4-47,-.5 37.U 2,4 47,5 ot1 37,5 2..

46,0 .5 35.0 t4 46,6 .4 3,U .. 3

3 48,0 ,5 34.5 ,1 47,5 ., 31,0 -,

-36 1u 1.4 45,1 "-2.6 36 u -it'3

5 48.5 1j 35.0 .4 49,0 1*4 359 ,.

6 44.5, -3.0 .33.5-101 44.5 "3*1 3T51,2

7 47,5 .0 32.0 -2,6 47.5 -.1 32*U P2#7

8 50.0 2.5 34.5 -. i 50,5 2,9 35.0 .3

9 44.5 -3,0 33.5 ,-i .. 44#5 m3,1 33.5 ?1,2

j0 49,0 1.5 37.5 2,9 49.3 1.7 37,8 31

i 4890 .5 31.0 -3.6 48.O .4 31#0 p3*7

12 4b.5 1.0 33.5 "1.1 48,5 .9 33,5 !1,2

t3 46.5 -1,0 3/,0 2,4 46,6 w., 37,4 2,b

14 52.0 4,5 38s5 3.9 52,0 4.4 38,5 3.b

15 49, 2,0 31,5 "3.1 49,8 2.2 31 e2 Y

16 43,0 -495 33.0-16 43.3 4*3 33,3 j4

*EAN 47,5 34,6 47*6 34,7
- S o_ D o 2 _3 2 Z ... 2 t a
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